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^ (54) Utie: CYCLOHEXYLGLYCINE DERIVATIVES AS DIPEPTIDYL PEPTIDASE INHIBITORS FOR THE ITUiATMENT 
OR PREVENTION OF DLSiBETES 

O . 

O (57) Abstract: The present invention is directed to novel cyclohexyl glycine deri\'atives. which are inhibitors of tlie dipeptidyl pep- 

^ tidase-IV enzyme ("DP -IV inhibitors") and which are useful in the treatment or prevention of diseases in which the dipeptidyl 

Q peptidase-IV enzynne is involved, such as diabetes and particularly type 2 diabetes. The. invention is also directed to pharmaceutical 

^ compositions comprising these compounds and the use of these compounds and compositions in the prev-ention or tieatment of such 

1^ diseases in which the dipeptidyl peptidase-lV enzyme is involved. 
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rrriJE OF THE INVENTION 

< .TCLOHEXYLGLYONE DERIVATIVES AS DMJFnDYL PEPTIL>ASB INHBSn'ORS FOR THE. 
TREATMENT OR PREVENTION OF DIABETES 

FIELD OF THE INVENTION 

The iM-esent invention relates to novel cyclohexylglycine derivatives Mrhich arc inlijbitors 
of the dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are useful in the treatment or 
prevention of diseases in which the dipeptidyl peptidase-IV enzyme is involved, such as diabetes and 
parti(iularly type 2 diabetes. The invention is also directed to phannaceutical compositions comprising 
these compounds and the use of these conq)oimds and compositions in the prevention or treutinent of 
such diseases in v/hich the dipeptidyl peptidase-IV enzyme is involved. 

BACKGROUND OF THE INVENTION 

Diabetes refers to a disease process derived feom multiple causative factors and 
characterized by elevated levels of plasma glucose or hyperglycenoia in the fasting state or after 
administratiQn of glucose during an oral glucose tolerance test. Persistent or uncontrolled hyperglycemia 
\s associated with increased and premature morbidity* and mortality. Often abnormal glucose 
homeostasis is associated both directly and indirectly with alterations of the lipid, lipoprotein and 
apolipoprotein metabolism and other metabolic and hemodynamic disease. Therefore patients with Type 
2 diabetes mellitus are at especially increased risk of macrovasculai and microvascular complications, 
■'^icliiding coronary heart dises^e, stroke, peripheral vascular disease, h>pertension, nephropathy, 
::ieuropathy, and retinopathy. Therefore, therapeutical control of glucose honieostasis, lipid metabolism 
i?iid hypertension are criticaliy important in the clinical management and treatment of diabetes mellitus. 

7'here are two generally recognized fomas of diabetes. In type I diabetes, or insulin- 
dependent diabetes rnellilus (IDDM^i, patients produce little or no insulin, the hormone which regulates 
glucose utilization. In type 2 diabetes, or npninsulin dependent diabetes mellitus (NIDDM). patients 
often have plasma insulin levels that are the same or even elevated compared to nondiabetic; subjects; 
kiowevex, these patients have developed a resistance to the insulin stimulating effect on glucose and lipid 
metabolism in the main insulin-sensitive tissues, which are muscle, liver and adipose tissues, and the 
plasma insulin levels, while elevated, are insuflBicient to overcome the pronounced insuMn resistance. 

Insulin resistance is not primarily due to a diminished number of insulin receptors but to 
s. po&t-insulin receptor binding defect that is not yet understood. This resistance to insulin 
vbsponsiveness results in insufficient insulin activation gf glucose uptake, oxidation and storage in 
muscle arid uiadequate insulin repression of lipolysis in adipose tissue and of glucose production and 
secretion in the livei'. 
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The available treatments for type 2 diabetes, which have not changed substantially in 
many years, have recognized limitations. While physical exercise and reductions in dietary intake of 
calories will dramatically improve the diabetic condition, con5)liance with this treatment is very poor 
because of well-entrenched sedentary lifestyles and excess food consumption, especially of foods 

5 containing high amounts of saturated &t. hicreasing the plasma level of insulin by administration of 
sulfonylureas (e.g, tolbutamide and glipizide) or meglitinide. which stimulate the pancreatic p-cells to 
secrete incre insulin, and/or by injection of insulin when sulfonylureas or meglitinide become ineffective, 
can result in insulin concentrations high enough to stimulate the very insulin-resistant tissues. However, 
dangerously low levels of plasma glucose can result from administration of insulin or insulin 

10 secretagogues (sulfonylureas or meglitinide), and an increased level of insulin resistance due to the even 
higher plasma insulin levels can occur. The biguanides increase insulin sensitivity resulting in some 
correction of hyperglycemia. However, the two biguanides, phenfonnin and metformin, can induce lactic 
acidosis and nausea/diarrhea. Metformin has fewer side effects than phenfonnin and is often prescribed 
for the treatment of Type 2 diabetes, 

15 The glitazones (i.e. 5-benzylthiazolidine-2,4-diones) are a more recently described class 

of con^jounds with potential for ameliorating many synq)toms of type 2 diabetes. These agents 
substantially increase insulin sensitivity in muscle, liver and adipose tissue in several animal models of 
type 2 diabetes resulting in partial or complete correction of the elevated plasma levels of glucose 
without occurrence of hypoglycemia. The glitazones that are currently marketed are agonists of the 

20 peroxisome proliferator activated receptor (PPAR), primarily the PPAR-gamma subtype. PPAR-gamma 
agonism is generally believed to be responsible for the improved insulin sensititization that is observed 
with the glitazones. Newer PPAR agonists that are being tested for treatment of Type II diabetes are . 
agonists of the alpha, gamma or delta subtype, oraxombination of these,.and in many cases are__ . 
chemically different from the glitazones (i.e., they are not thiazolidiriediones), Serious side effects (e.g.. 

25 liver toxicity) have occurred with some of the glitazones, such as trpglitazone. 

Additional methods of treating the disease are still under investigation. New 
biochemical approaches that have been recently introduced or are still under development include 
treatment \yith alpha-glucosidase inhibitors (e.g. acarbose) and protein tyrosine phosphatase-lB (PTP- 
IB) inhibitors. 

30 Compounds that are inhibitors of the dipeptidyl peptidase-IV ("DP-IV" or "DPP-IV") 

enzyme are also under investigation as drugs that may be useful in the treatment of diabetes, and 
particularly type 2 diabetes. See for example WO 97/40832, WO 98/19998. U.S. Patent No. 5,939,560, 
. Rionr p. Med. Chem. Lett .. 6: 1163-1166 (1996); and Bioorg. Med. Chem: Lett., 6: 2745-2748 (1996). 
The usefulness of DP-IV inhibitors in the treatment of type 2 diabetes is bas^d pn.the fact that DP-IV in 

35- vivo readily inactivates glucagon like peptide-1 (GLP-1) and gastric inhibitory peptide (GIF). GLP~1 and 
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GIP are mcretiiis and ane pioduced when food is consumed. The incretins stimulate production of 
msulin. inhibition of DP-IV' leads to decreased inactivatiun of the incretins, and this in turn results in 
mcreased effectiveness of the incretins in stimulating production of insulin by the pancreas. DP-IV 
inhibition therefore results in an increased level of serum insulin. Advantageously, since the incretins are 
produced by the body only when food is consumed, DP-IV inhibition is not expected to increase the level 
of msulin at inappropriate tinoes, such as between meals, which can lead to excessively low blood sugar 
(hypoglycemia). Inhibition of DP-IV is therefore expected to increase insulin without increasing the risk 
of hypoglycemia, which is a dangerouK side effect associated with the use of insulin secretagogues. 

DP-IV inhibitors also have other therapeutic utilities, as discussed herein. DP-IV 
fjihibitors have not been studied extensively to date, especially for utilities other than diabetes. New 
I ompounds are needed so that improved DP-IV inhibitors can be found for the treatroent of diabetes and 
«x)tentially other diseases and conditions. The therapeutic potential of DP-IV inhibitors for the treatment 
of type 2 diabetes is discussed by D.J. Dnicker in Bxp. Opin. Invest. Drugs . 12: 87-100 (2003) and by K. 
Augustyns, et al., in Ex p . Opin. Ther. Paten ts, 13: 499-5 iO (2003). 

.>5IMMARY OF THE INVENTION 

. The present invention is directed to novel cyclohexylgiycine derivatives which aie 
•Inhibitors of the dipeptidyl peptidase-IV cnz)Tne ("DP-IV inhibitors") and v/hich are useful iu the 
:reatment or prevention of diseases in which the dipeptidyl peptidase-lV enzyme is involved, such as 
diabetes and particularly type 2 . diabetes. The invention is also directed to pharmaceutical compositions 
comprising these compounds and the use of these compounds and compositions in the prevention or 
• reatment of such dis.-;ases in which the dipqptidyl peptidaise-IV enzj'me is involved. 

DETAD.ED DESCRIPTION OF THE n^rVENTION . 

The present invention relates to novel cyclohexylglycins derivatives u;>ef ul ao 
inhibitors of dipeptidyl peptidase-IV. C!onq)Ounds of the present invention are described by structural 
fcrmulay. 
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wheiem: 

each n is independently 0, 1, 2, or 3; 

W is selected firom the group consisting of CH2. CHF, and CF2; 

5 

X is selected from the group consisting of S, S(0), S(0)2, CH2, CHF, and CF2; 

Y and Z are each independently selected from the group consisting of O, S, N, and NR^, with the proviso 
that at least one of Y and Z is N; 

10 ;i 

r1 is hydrogen or cyano; . . 

. is selected from the group consisting of 
hydrogen, 
IS halogen, 
cyano, 

hydroxy, 

Ci_6 alkyl, wherein alkyl is unsubstituted or substituted with one to five halogens, 
alkoxy, wherein alkoxy is unsubstituted or substituted with one to five halogens, 
20 {CH2)n-C00H, 

(CH2)n-C00Ci^ alkyl. 
(CH2)n-CONR3R4 

<CH2)n-NR6s02R5, 
75 . (Ctl2)n-NR6C0NR3R4, 

(CH2)n-NR6C0R6, 
(CH2)n-NR6C02R5, 

(CH2)n-aryl, wherein aryl is unsubstituted or substituted with one to five substituents 
independently selected from halogen, hydroxy, CO2H, 
30 Ci-6 alkyloxycarbonyl, Ci_6 alkyl, C3-6 cycloalkyl, and Ci-g alkoxy, wherein alkyl and 

alkoxy are unsubstituted or substituted with one to five halogens, 
wherein any methylene (CH2) carbon atom in R^ is independently unsubstituted or substituted 
with one to two jgroups independently selected frbm halogen, hydroxy, and C1-4 alkyl 
unsubstituted or substituted with one to five halogens; . . 
•35 • . 
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are independently seleitted &oin the gioup consisting of 
hydrogen, 

(CH2)n-phenyl, ' • ■ 

(CH2)n"^^3-6 cycloalkyl, ana 

Ci^aliyl, 

wherein alkyl is unsubstituted or substituted wiih one to five halogtns and wherein phenyl and 
cycloall^l are unsubstituted or pubstituted with one to five substituents mdependently selected 
firom halogen, hydroxy, Ci-6 alkyl, and Ci-g alkoxy, wherein alkyl and nlkoxy are unsubstituted 

or substituted with one to five halogens; or 
J.0 By and R*^ together with the nitrogen atom to which faey are iattached form a heterocyclic ring selected 
from azetidine; pyixolidirie, piperidinc--, piperazine. and ruoipholine wherein said heterocyclic ring is 
vmsubstituted or substituted witli one to toree substituents independently selected from halogen., hydroxy, 
Cu6 alkyl, and 

Ci-6 alkoxy , whexein alkyl and a^ko^y a c linsubptituted or substinited wiitii one to five halogens; 

'(5 • 

. lach R5 is independraafly selected fi-om the. group ccmsisting of (CH2)n-phsnyl. {CK2)q-C3.6 cycloalkyl, 
.'.dd Ci-6 alkyl, wh^ein alkyl is unsubstituted or substituted with one to fivd halogens and wherein 

phenyl and cycloalkyl are unsubstituted or substittited.with one to five substituents indepehdeatly 
selected from halogen, hydroxy, Ci-6 alley 1, and C] -6 aikoxy, wherein alk\'l and alkoxy are unsubstituted 
2(j or substituted with one to five halogens, and wherein any methylene {CH2) carbon atpm in R-^^ is 

unsubstituted or substituted with one to two groups independently selecteii firom halogen, hydroxy, and 
i 1\ -4 alkyi ansubstiti?ted or substiluted ^vith one to five halofjens; 

cachR6ishydj v)genotR'*5' -lid ' ; - . 

p7 is selcxted fiom the group consisting of 
aj'drogen, 
fCH2)n-phenyl, 

(CH2)n-^3-6 cycloalkyl, and 
0 r:i.6 alk)'!, 

v/herein alkyl is unsubstituted or substituted with one to five halogens and wherein phenyl and 
cycloalkyl are unsubstituted or substituted with one to five substilu^ints independently selected 
from halogen, hydroxy, Cx^6 alkyl, and Ci-g alkoxy, wherein alk)'l and alkoxy are UTisubstituted 

or subslitated. with one to tlve halogens. 
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In one embodiment of the compounds of the present invention, the carbon atom marked 
with an * has the configuration as depicted in. formula Ha: 

O R, 




wherein W, X,Y, Z, , and are as defined hereinabove. 

In a second embodiment of the compounds of the present invention, W is OHi, Y is S 

and Z is N as depicted in formula Db: 




wherein X, Rl and R2 are as defined hereinabove. 

In a class of this embodiment. X is CH2, CHF, or CF2. & a subclass of this class. R1 is 

hydrogen. In another class of this embodiment, the carbon atom marked with an * has the configuration 

as depicted in formula He: 
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(Ho) 

In a subclass of this class, X is CH2, CHF, or CF2 and Rl is hydrogen. 

in a thkd enchLxiiment of the compounds of the present invention, W is CH2, Y is N and 
Z is S depicted in fonnala Ild: 

H2N. 



1 




whe/em l\} and are as defmed hereinabove. 

In a class of this embodiment, X is GH2, Off, or CF2. fn a subclass of this class, R ^ is 

hydrogen. Li anothet class of this embodiment, the carbon atom marked with an ^ has tlie configuration 
£5 denicied in formula He: 



H2N/,,. 




in a subclass of this class, X is CH2, CHF, or CF2 and Rl is hydi'ogen. 
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In a fourth raibodiment of the compounds of the present invention, W is CH2, Y is O 
and Z is N as depicted in formula TSt 




wherein X, Rl and R2 are as defined hereinabove. 
5 In a class of this embodiment, X is CH2, CHF, or CF2. In a subclass of this class, Rl is 

hydrogen. In another class of this embodiment, the carbon atom marked with an has the configuration 
as depicted in formula ng: 




Iq a subclass of this class, X is CH2, CHF, or CF2 and Rl is hydrogen. " ' 

10 hi a fifth embodiment of the co)iq>ounds of the present invention, W is CH2, Y is N and 

Z is O as depicted in formula Dh: 
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wherein X, Rl and R2 are as defined hereinabove. 

In a class of this embodiment, X is CH2. CHF, . or CT?.. in a subclass of this clast;, Rl is 

hydrogen. In another class of this embodiment, die carbon, atom marked with an has the configuration 

as d^icted in formula Qi: 




Lnri subclass of this classrX is CH2/CHF, or CF2 and is hydrogen. 

Id a sixth embodiment of the compoitods of the prese!it invop tion, W is CH2, Y is N and 
Z is NR7 as depicted in formula Ilj: 




"2 

wberesin X, R^ , R2 and ?J are as defmed hereinabove. 
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Li a class of this embodiment, X is CH2, CHP, or CF2. h a subclass of this class, Rl is 
hydrogen. In another class of this embodiment, the carbon atom marked with an has the configuration 
as depicted in formula nk: 

H2N/,,. 




(Ilk) 



5 In a subclass of this class, X is CH2, CHF, or CF2 and Rl is hydrogen. 

In a seventh embodiment of the compounds of the present invention, W is CH2,Y is 
Nr7 and Z is N as dqpicted in formula ni: 

O 

H2N, 




m 



wherein X, Rl, and R7 are as defined hereinabove. 
10 In a class of this embodiment, X is CH2, CHF» or CF2. In a subclass of this class, Rl is 

hydrogen. In another class of this embodiment, the carbon atom marked with an * has the configuration 
as depicted in formula Tim: 
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In a subclass of this class, X is CH2t CHF, or CF2 and Rl is hydrogen. , 
As used herein the following definitions are applicable. 
t "Alkyl", as well as other groups havmg the prefix "alk", such as alkoxy and alkanoyl, 

means carbon chains which piay be linear or branched, and combinations, thereof, unless the carbon chain 
is defined othei-wise. Exanq)les of alkyl groups include methyl, ethyl, propyU isqpropyl, butyl, sec- and 
tert'butvl pentyl, hexyl, heptyl, octyl, nonyl, and the like. Where the specified nuniber of carbon atoms 
permits, e.g., from C3-] o, the term alkyl also includes cycloalkyl groups, and combinations of linear or 

iO branched alkyl chains combined with cycloalkyl structures. \Vhen tio number erf carbon atoms is 
specified, Ci-6 is hitended. 

"Cycloalkyl" is a subset of alkyl and.means a saturated carbocyclic ring having a 
specified number of carbon atorns. Examples of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl. cycloheptyU cyclooctyl, and, the like. A cycloalkyl group generally is monocyclic unless 
.. . stated otherwise. Cycloalkyl groups ate siaturated unless otherwise defined. 

The term *"aikoxy** refers to straight or. branched chain alkoxides of the number of carbon 
atomr. specified (e.g., Ci-io alkoxy), or any number within this range [i.e., methoxy (MeO-), ethoxy, 

isopropoxy, etc.]. 

The term "alkylthio" refers to straight or branched chain alkylsulfides of the number of 
20 carbon atoms specified (e.g., Ci-io alkylthio), or any number withm this range [i.e., methylthio (MeS-), 

ethylthio, isopropylthio, etc.]. 

The term "alkylamino" refers to straight or branched alkylamines of the number of 
carbon atoms specified (e.g., C1.6 alkylamino), or any number within this range [i.e., methylamino, 

ethylamino, isopropylamino, tbutylamino, etc.]. 
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The term "alkylsulfonyl" refers to straight or branched chain alkylsulfones of the number 
of carbon.atoms specified (e.g., Ci^ alkylsulfoiiyl), or' any number within this range [i.e., methylsulfonyl 
:CMeS02-), ethylsulfonyl, isopropylsulfonyl, etc.]. 

The term "alkyloxycarbonyl" refers to straight or branched chain esters of a carboxylic 
5 acid derivative of the present invention of the number of carbon atoms specified (e.g., Ci-6 

alkyloxycarbonyl), or any number within this range [i.e., methyloxycarbonyl (MeOCO-), 
ethyloxycarbonyl, or butyloxycarbonyl]. 

"Aryl" means a mono- or polycyclic aromatic ring system containing carbon ring atoms. 
' The prefeired aryls are monocyclic or bicyclic 6-10 membered aromatic ring systems. Phenyl and 
10 naphthyl are preferred aryls. The most prefeired aryl is phenyl. . 

**Heterocycle" and "heterocyclyl" refer to saturated or unsaturated non-aromatic rings or 
ring systems containing at least one heteroatom selected fironi O, S and N, further including the oxidized 
forms of sulfur, namely SO and SO2. Examples of heferocycles include tetrahydrofinan(THF), 
dihydrofuran, 1,4-dioxane, morpholine, 1,4-dithiane, piperazine, piperidine, 1.3-dioxolane, 
IS imidazolidine, imidazoline, pyrroline, pyrrolidine, tetrahydropyran, dihydropyran, oxathiolane, 
dithiolane, 1,3-dioxane, 1,3-ditbiane, oxathiane, thiomorpholine, and the like. 

"Het^oaryl" means an aromatic or partially aromatic heterocycle that contains at least 
one ring heteroatom selected fi*om 0, S and N. Heteroaryls also include heterparyls fused to other kinds 
• of rings, such as aryls, cycloalky Is and heterocycles that are not arotnatic. Exathples of heteroaryl groups 
70 include pyrrolyl, isoxazolyl, isothiazolyl, pyrazolyl, pyridinyl, 2-oxo-{l/0-pyridinyl (2-hydroxy- 

pyridinyl), oxazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, thiadiazolyl, thiazolyl, imidazolyl, triazolyl, 
tetrazolyl, fiiryl, triazinyl, thienyl» pyriniidinyl, pyrazinyl ^ benzisoxazolyl, benzoxazolyl, benzothiazolyl, 
benzothiadiazolyl, dihydrobenzofuranyl, indoliny I, pyridazinyl, indazolyl, isoindolyl, 
dihydrobenzothienyl, indolizinyl, cinnolinyl, phthalazinyl,.quinazOlmyl, naphthyridinyl, carbazolyl; 
25 benzodioxolyl, quinoxalinyl, purinyl, furazanyl, isobenzylfuranyl, benzituidazolyi, benzofirranyl, 
benzothienyl, quinolyl, indolyl, isoquinolyl, dibenzofuranyl, imidazo[l,2-fl]pyridmyl, [1,2,4- 
triazolo][4,3-a]pyridinyl.pyrazolo[l,5-a]pyridinyl, [l,2,4-triazolo][l,5-a]pyridinyl, 2-oxo-l,3- 
benzoxazolyl, 4-oxo-3H-qumazolinyl, 3-oxo-[l,2,4]-triazolo[4,3~fl]-2f/-pyridinyl, 5-oxo-[l,2,4]-4fl'- 
oxadiazolyl, 2-oxo-[l,3,4]-3//^-oxadiazolyl, 2-oxo-l,3-dihydro-2//-imidazolyl, 3-oxo-2,4-dihydro-3/f- 
30 1,2,4-triazolyl, and the like. For heterocyclyl arid heteroaryl groups, rings and ring systems containing 
from 3-15 atoms are included, forming 1-3 rings. 

"Halogen" refers to fluorine, chlorine, bromine and iodine. Chlorine and fluorine are 
generally preferred. Fluorine is most preferred when the halogens are substituted on an alkyl or alkoxy 
groqp (e.g. CF3O and CF3CH2O). 
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The compounds of the present invention may contain one or more asymmefaic centers 
and can thus occur as racemates and racemic mixtures^ single enantiomers, diastereomeiic mixtures and 
individual diastereomers. The confounds of the present invention have one asymmetric center at the 
caibon atom marked with an in formula la. Additional asymmetric centers may be present depending 
upon the nature of the various substituents on the molecule. Each such asymmetric center will 
independently produce two optical isoniers and it is intended that all of the possible optical isomers and 
diastereomers in noixtures and as pure or partially purified compounds are included within the ambit of 
this invention. The present invention is meant to comprehend all such isomeric forms of these 
compounds. 

Some of the con^unds described herein contain oleftnic double bonds, and unless 
specified otherv^'ise, are meant to include both E and Z geonaetric isomers. 

Some of the compounds described herein may exist as tautomers, which have different 
points of attachment of hydrogen accompanied by one or more double bond shifts. Fch" exaitq)le, a 
ketone and its enol form are ket(>enol tautomers. The individual tautomers as well as mixtures thereof 
are encompassed with conq)ounds of the present invention. 

Formula I shows the structure of the class of compounds without preferred 
steieochemistiy. Formula la shows the preferred sterbcheinistry at the carbon atom to which is attached 
the amino group of the alpha-amino acid from which these con[qx>unds are prepared. 

The independent syntheses of these diastereomers or their chromatographic sepai ations 
may be achieved as knov/n in the art by appropriate modification of the methodology disclosed herein. 
Their absolute stereochemistry may be determined by the x ray crystallography of crystalline products or 
c:i7stalline intermediates v/hich are derivat'^ed, if necessary >. with a reagent containing an asymmetric 
center of known absolute configuration. 

If desired, racemic mixtures pf the compounds may be separated so that the individual 
enantionners are isolated. The separation can be carried out by methods well known in the art, such as 
the coupling of a racemic mixture of compounds to an enantiomerically pure compound to form a 
diastereomeric mixture, followed by separation uf the individual diastereomers by standard methods, 
such as fractional crystallization or chromatography. The coupling reaction is often the formation of 
salts using an enantiomerically pure acid or base. The diasteromeric derivatives may then be converted to 
the pure enantiomers by cleavage of the added chiral residue. The racemic mixture of the compounds 
can also be separated directly by chromatographic methods utilizing chiral stationary phases, which 
methods are well known in the art. 

Altraiatjvely. any enantiomer of a compound may;be obtained by stereoselective 
synthesis using optically pure startimg materials or reagents of known configuration by methods well 
known in the art. 
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It will be understood that, as used herein, references to the compounds of stractural 
formula I are meant to also include the pihaimaceutically acceptable salts^ and also salts that are not 
phannaceutically acceptable when they are used as precursors to the free conq)ounds or their 
phannaceutically acceptable salts or in other synthetic manipulations. 
S The conq>ounds of the present invention may be administered in the form of a 

pharmaceutically acceptable salt. The tern "phannaceutically acceptable salt" refers to salts prepared 
firom phannaceutically acceptable non-toxic bases or acids including inorganic or organic bases and 
inorganic or organic acids. Salts of basic compounds encompassed within the term "pharmaceutically 
acceptable salt" refer to non-toxic salts of the compounds of this invention which are generally prepared 

10 by reacting the fcee base with a suitable organic or inorganic acid. Representative salts of basic 
con5>ounds of the present invention include, but are not limited to, the followiQg: acetate, 
benzenesulfonate, benzoate, bicarbonate, bisiilfate, bitartrate, borate, bromide, camsylate, carbonate, 
chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, 
gluconate, glutamate, glycollylarsanilate, hexylresorcinate, bydrabamine, hydrobroinide, hydrochloride, 

15 hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, 

mesylate, methylbromide, methylnitrate, methylsutfate, mucate, napsylate, nitrate, N-methylglucamine 
ammonium salt, oleate, oxalate^ pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate, teoclate, tosylate, 
triethiodide and valerate. Furthermore, where the compounds of the invention carry an acidic moiety, 

'?J0 suitable phannaceutically acceptable salts thereof include, but are not limited to, salts derived iBrom 
iDorganic bases including aiuminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, 
manganic, mangamous, potassium, sodium, zinc, and the like. .Particularly preferred are the ammonium, 
calcium, magnesium, potassiurii, and sodium salts. Salts derived from pharmaceutically acceptable 
organic non-toxic bases include salts of primary; secondary, and tertiary amines, cyclic amines, and basic 

25 ion-exchange resins, such as arginine, betaine, caffeine, choline, N J^niibenzylethylenediamine, 
diethylamine, 2-diethylaminoethanol, 2-dimethylaniinoethanol, ethanolamine,.ethylenediamine, N- 
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine, 
lysine, methylglucamine, morpholine, piperazine, piperidine, polyamineresins, procaine, purines, 
theobromine, triethylamine, trimethylamine, tripropylamrne, tromethamine, and the like. 

30 Also, in the case of a carboxylic acid (-COOH) or alcohol group being present in the 

compounds of the present invention, pharmaceutically acceptable esters of carboxylic acid derivatives, 
such as methyl, ethyl, or pivaloyloxymethyl, or acyl derivatives of alcohols, such as acetate or maleate, 
can be employed, hacluded are those esters and acyl groups known in the art for naodifying the solubility 
or hydrolysis characteristics for use as sustained-release or prodrug formulations. . 
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Solvates, and in particular, the hydrates of the conopounds of structural formula J are 
Included iu the present invention as well. 

Exemplifying the invention is the use of the conq)ounds disclosed in the Examples and 

herein. 

The subject compounds are useful in a method of inhibiting the dipeptidyl peptidase-IV 
enzyme in a patient such as a mammal in need of such inhibition coQq>rising the administration of an 
effective amount of the conq)ound. The present invention is directed to the use of the compounds 
disclosed herein as inhibitors of dipeptidyl pcptidase-P/ enzyme activity'. 

In addition to primates, such as humanSj a variety of other mammals can be treated 
according to the method of the present invention. For instance, mammals including, but not limited to, 
COWS: sheep; goats, horses, dogs, cats, guinea pigs, rats or other bovine, ovme,- equine, canine, feline, 
rodent or murine species can be treated. However, the method can also be practiced in other species, 
such as avian species (e.g., chickens). 

The present invention is further directed to a method for the manufacture of a 
medicament for inhibiting dipeptidyl peptidase-IV enzyme activity in humans and animals con^rising 
;x>mbining a compound of the present invention with a phannaceutically acceptable carrier or diluent 

The subject treated in the pre^nt methods is generally a mamtnal, prefi^bly a human 
"e >siag, male or female, in whom inhibition of dipeptidyl peptidase-IV enzyme activity is desired. The 
verm "therapeuiically effective amount" means the aniount of the subject compound that v/ill elicit the . 
biological or medical response of a tissue, system animal or human that is being sought by the 
researcher, veterinarian, medical doctor or other clinician. 

The term "compbsitiou" as used herein u intended to encpmpass a product comprising 
the specified iagredients In the specified amounts, as well as any product which results, directl}/ or 
- ndirectly, from combinatiou of the specified ingredients in the specified amounts. Such term in relation 
to pharmaceutical composition, is intended to encpmp.ass a product comprising the active, uigredient(s), 
and the inert ingredient(s) that make up the carrier, as well as any product which, results, directly or 
mdirectly, from combination, complexation or aggregation of any two or more of the ingredients, or from 
dissociation of one or more of the ingredients, or from other types of reactions or interactions of one or 
more of the ingredients. Accordingly, the pharmaceutical compositions of the present invention 
encoiU5)ass any composition made by admixing a cojDC5)ound of the present invention and a 
phannaceutically acceptable carrier. By "phannaceutically acceptable" it is meant the carrier, diluent or 
excipient must be compatible, with the other ingredients of the formulation and not deleterious to the 
recipient thereof. 
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The terms "administradon of and or "administering a" compound should be understood 
to mean providing a conq)ound of the invention or a prodrug of a compound of the invention to the 
individual in need of treatment. 

The utility of the compounds in accordance with the present invention as inhibitors of 

S dipeptidyl peptidase-IV enzyme activity may be demtonstrated by methodology known in the art 

Inhibition constants are determined as follows. A continuous fluorometric assay is employed with the 
substrate Gly-Pro-AMC, which is cleaved by DP-IV to release the fluorescent AMC leaving group. The 
kinetic parameters that describe this reaction are as follows: Km = 50 ^M; kc^ = 75 s'^ = 1.5 x 10^ 

M"*s'^ A typical reaction contains approximately 50 pM enzyme, 50 pM Gly-Pro-AMC, and buffer (100 

10 mM HEPES, pH 7.5, 0. 1 mg/ml BSA) in a total reaction volume of 100 ^1. Liberation of AMC is 

monitored continuously in a 96-well=plate fluorometer using an excitation wavelength of 360 nm.and an 
emission wavelength of 460 nm. Under these conditions, approximately 0.8 (iM AMC is produced in 30 
minutes at 25 degrees C. The enzyme used in these studies was soluble (transmembrane domain and 
cytoplasmic extension excluded) human protein produced, in a baculoyirus expression system (Bac-To- 

15 Bac, (jibco BRL). The kinetic constants for hydrolysis of Gly-Pro-AMC and GLP-1 were found to be in 
accord with Hterature values for the native enzynoe. To Measure the dissociation constants for 
compounds, solutions of inhibitor m DMSO were added to reactions containing enzyme and substrate 
(fmal DMSO concentration is 1%). All experiments were conducted at roorn temperature using the 
standard reaction conditions described above. To determine the dissociation consta nts (Kj), re action 

20 rates were fit by non-linear regression to the Michaelis-Menton equation for competitive inhibition. The 
errors in reproducing the dissociation constants are typically less than two-fold. 

la particular, the compounds of the following examples had activity in inhibiting the 
dipeptidyl peptidase-IV enzyme in tiie aforementioned assays, generally with an. IC50 of less than about 1 

pM, Such a result is indicative of the intrinsic activity of the confounds in use as inhibitors the 
25 dipeptidyl pqptidase-IV enzyme activity. 

Dipeptidyl peptidase-IV enzyme (DP-IV) is a cell surface protein that has been 

implicated in a wide range of biological functions. It has a broad tissue distribution (intestine, kidney, 

liver, pancreas, placenta, thymus, spleen, epithelial cells, vascular endothelium, lymphoid and myeloid 

cells, serum), and distinct tissue and ceD-type expression levels. DP-IV is identical to the T cell 
bO activation marker CD26, and it can cleave a number of immunoregulatory, endocrine, and neurological 

peptides in vitro. This has suggested a potential role for this peptidase in a variety of disease processes 

in humans or other species. . ... 

Accordingly, the subject confounds are useful in a method for the prevention or 

treatment of the following diseases, disorders and conditions. 



-16- 



wo 2004/112701 



PCT/US2004/018718 



Type n Diabetes and Related Disorders ; It is well established that tbe .incretins GLP-1 and GIP are 
rapidly inactivated in vivo by DP-IV. Studies with DP-!V^^'^-dcficient mice and preliminary clinical trials 
indicate that DP-IV inhibition increases the steady state concentrations of GLP-1 and GIP, resulting in 
improved glucose tolerance. By analogy to GLP-1 and GIP, it is likely that other glucagon family 
S peptides involved in glucose regulation are also inactivated by DP-IV (eg. PACAP). Inactivation of 
these peptides by DP-IV may also play a role in glucose homeostasis. The DP-IV inhibitors of the 
present invention therefore have utility in the treatment of type II diabetes and in the treatnoent and 
pfcvention of the numerous conditions that often accompany Type H diabetes, including metabolic 
syndroroe X, reactive hypoglycemia, and diabetic dyslipidemia. Obesity, discussed below, is another 
10 condition that is often found with Type II diabetes that inay respond to treatrDcnt with the conq)Ounds of 
this invention. 

The following diseases, disorders and conditions are related to Type 2 diabetes, and 
therefore may be treated, controlled or in some cases prevented, by treatment with the conqpounds of this 
invention: (1) hyperglycemia, (2) low glucose tolerance, (3) insulin resistance, (4) obesity, (5) lipid 

15 disorders, (6) dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemia, (9) hypercholesterolemia, (10) 
low HDL levels, (11) high LDL levels, (12) atherosclerosis and its sequelae, (13) vascular restenosis, 
(14) irritable bowel syndrome, (15) inflammatory bowel disease, including C^rohn's disease and 
ulcerative colitis, (16) other inflammatory conditions, (17) pancreatitis, (18) abdominal obesity, (19) 
neurodegenerative disease, (20) retinopathy, (21) nephrcpathy, (22) neuropathy, (23) Syndrome X, (24) 

'.10 ovarian hyperandrogenism (polycystic o viirian syndrome), and other.disorders where insulin resistance is 
a component . , 

Obesity : DP-IV inhibitors may be usefid for the treatment of obesity. This is based on the observed 
inhibitory effects on food intake and gastric emptying of GLP-i and'GLP-2. Exogenous administration 

'-5 of GLP-1 in humans significantly decreases food intake and slovre gastric emptying (Am. J. PhvsioL , 
277: R910-R916 (1999)). ICV admmistration of GLP-1 in rats and mice also has profound effects on 
food intake (Nature Medicine. 2: 1254-1258 (1996)). This inhibition <)f feeding is not observed m GLP- 
IR^"'"^ mice, indicating that these effects are mediated through brain GLP-1 receptors. By analogy to 
GLP-1, it is likely tiiat GLP-2 is also regulated by DP-IV. ICV administration of GLP-2 also inhibits 

30 food intake, analogous to the effects observed with GLP-1 (Nature Medicine. 6: 802-807 (2000)). In 
addition, studies with DP-IV deficient mice suggest that these animals are resistant to diet-induced 
obesity and associated pathology (e.g. hyperinsulinonemia). 

Growth Hormone Deficiencv : DP-IV inhibition may be useful.for the treatment of growth hormone 
3> deficiency, based on the hypothesis that grov/th-hcMTjjorie releasing faictoi (GRF)-. a peptide that 
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Stimulates release of growth hormone from the anterior pituitary, is cleaved by the DP-IV enzyme in vivo 
(WO 00/56297). The following data provide evidence that GRF is an endpgenbus substrate: (1) GRF is 
efficiently cleaved in vitro to generate the inactive product GRF[3-44] (BBA 1122: 147-153 (1992)); (2) 
GRF is rapidly degraded in plasma to GRF[3-44]; ihis is prevented by tte DP-IV inhibitor diprotin A; 
5 and (3) GRF[3-44] is found in the plasma of a human GRF transgraic pig f J. Qin. Invest .. 83: 1533-1540 
(1989)). Thus DP-IV inhibitors may be useful for the same spectrum of indications which have been 
considered for growth hormone secretagogues. 

Intestinal Xnjurv : The potential for using DP-IV inhibitors for the treatment of intestinal injury is 
10 suggested by the results of studies indicating that glucagon-like peptide-2 (GLP-2), a likely endogenous 
substrate for DP-IV, may exhibit trophic effects on the intestinal epithelium (Regulatory Peptides, 90: 
27-32 (2000)). Administration of GLP-2 residts in increased sinaD bowel mass in rodents and attenuates 
intestinal injury in rodent models of colitis and enteritis. 

15 TmTniinnsiippression : DP-IV inhibition may be useful for modulation of the inmnme response, based 
upon studies in5)licating the DP-IV enzyme in T cell activation and in chemokine processing, and 
efficacy of DP-IV uihibitors in in vivo naodels of disease. DP-IV has been shown to be idmtical to CD26, 
a cell surface marker for activated imniune cells. The expression of CD26 is regulated by the 
differentiation and activation status of immune cells. It is generally accepted that CD26 functions as a 

20 co-stimulatory molecule in in vitro models of T cell activation. A number of chemokines contain proline 
in the penultimate position, presumably to protect them from degradation by non-specific 
axninopeptidases. Many of these have been shown to be processed iii vitro by DP-IV. In several cases 
(RANTES, LD78-beta, MDC, eotaxin, SDF-lalpha), cleavage results in an altered activity in chemotaxis 
and signalmg assays- Receptor selectivity also appears to be modified in some cases (RA>}TES). 

25 Multiple N-terminally truncated forms of a number of chemoldnes have been identified in in vitro cell 
culture systems, including the predicted products of DP-IV hydrolysis, , 

DP-rV inhibitors have been shown to be efficacious immunosuppressants in animal 
•models of transplantation and arthritis. Prodipine (Pro-Pro-diphenyl-phosphonate), an irreversible 
inhibitor of DP-IV, was shown to double cardiac allograft survival in rats fi-om day 7 to day 14 

30 (Transplantation. 63: 1495-1500 (1997)). DP-IV inhibitors have been tested in collagen and 

^Ikyldiamine-induced arthritis in rats and showed a statistically significant attenuation of hind paw 
swelling in this model [Tnt T Trnm unopharmacolopv. 19:15-24 (1997) and Tmmnn nph armacologv. 40: 21- 
26 (1998)]. DP-IV is upregulated in a number of autoimmune diseases mcluding rheumatoid arthritis, 
multiple sclerosis, Graves* disease, and Hashimoto's thyroiditis flimnmologv Today. 20: 367-375 

35 (1999)), . . . ^ 
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N .iIV Mect ion DI'-JV uitubltioi'. uiay u:>eful for the treatment or prevention of HIV infection oo AIDS 
because a number of chemoldnes which inhibit HIV cell entry are potential substrates for DP-IV 
v.inmiiTinl^prYTnHflY 20: 367-375 (1999)). In the case of SDF-lalpha, cleavage decreases antiviral 
5 activity flPNAS, 95: 6331-6 (1998)). Thus, stabilization of SDF-lalpha through inhibition of DP-IV 
would be expected to decrease HIV infectivity. 

Hematopolesis : BP-rv idiibitiori may be useful for the treatmeiit or preventipn of hcmatcpicsis because 
DP-IV may be involved in hematopolesis. A DP-IV inhibitor, Val-Boro-Pro, stimulated hen:iatopoiesis in 
10 a mouse model of cyclophosphamide-induced neutropenia (W O 99/56753). 

Neuronal Disordejs : DP-IV inhibition may be useful for the treatmeiit or prevention of various neuronal 
ux psychiatric disorders because a number of jpeptides iroplicated in a variety of neuronal processe<s are 
/.ieaved m vitro by DP4V. A DP -IV inliibitor thus may have a therapeutic benefit in the treatnoent of 
} 5 neuronal disorders. Endomorphin-2, beta-casomoiphin, and substance P have all been shown to be in 
vitro substrates for DP-IV. In all cases, in vitro cleavage is hi^y efficient, with kcat/Ka about 10* M"^s"^ 
or greater. Li an electric shock jump test model of analgesia in rats, a DP-IV inhibitor showed a 
significant effect that was independent of the presence of exogenous endomoTphin-2 (Brain Research, 
815: 278. ?.66 (1999)). 

: " - I^emoprotective and neturoregenerative effects of DP-FV inhibitors were also evidenced : j 

. iry the inhibitors' ability to protect motor neurons from excitotoxic cell death, to protect striatal 
innervation of dopaminergic neurons when administered concurrently with MPTP, and to promote 
recovery of striatal innervation density when gi ven in a therapeutic manner following MPTP treatment 
{see Yong-Q. Wu, et al., ''Neuroprptei:tive Eftects of Inhibitors of DipeptidylPeptidase-IV In Vitro and 

.> 5 la Vivo," Int. Conf. On Dipeptidvl Aminopeptidases: Basic Science and Clinical Api plic ations . 
September 26-29, 2002 (Berlin, Germany)]. 

Iimior Invasion and Metastasis : DP-TV inhibition may be useful for the treatment or prevention of tumor 
invasion and metastasis because an increase or decrease in expression of several ectopeptidases including 

30 DP-IV has been observed during the transformation of normal cells to a malignant phenotype (J. Exp, 
Med ., 190: 301-305 (1999)). Up- or dovm-regulation of these proteins appears to be tissue and cell-type 
specific. For example, increased CD26/DP-IV expression has been observed on T cell lymphoma, T cell 
acute lymphoblastic leukemia, cell-derived thyroid carcinomas, basal cell carcinomas, and breast 
c:?4icinomas. Thus, DP-P/ inhibitors may have utility in the. treatment of such. carcinomas, 

35 . ■ 
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Beni^ Prostatic Hvpertropbv : DP-IV inhibition may be useful for the treatment of benign prostatic 
. hypertrophy because increased DP-IV activity was noted in prostate .tissue from patients with BPH (Eur. 
T. Clin. Chem, Clin. Biochem.. 30: 333-338 (1992)). 

5 Sperm mnt ilitY/male contraception : DP-IV inhibition nmy be useful for the altering sperm motility and 
•for male contraception because in seminal fluid, prostatosomes, prostate derived organelles important for 
sperm motility, possess very high levels of DP-IV activity ffiur. J. Clin. Chem. Qin. Biochem. . 30: 333- 
1^38 (1992)). 

10 Gingivitis : DP-IV inhibition may be useful for the treatment of gingivitis because DP-IV activity was 
found in gingival crevicular fluid and in some studies correlated with periodontal disease severity (Arch. 
Oral Biol.. 37: 167-173 (1992)). 

Osteoporosis : DP-IV inhibiti<m may be useful for the treatment or prevention of osteoporosis because 
15 GIP receptors are present in osteoblasts; 

The conqx)unds of the present mvention have utility in treating pr preventing one or 
more of the following conditions or diseases: (1) hyperglycemia, (2) low glucose tolerance, (3) insulin 
-i^sistance, (4) obesity, (5) lipid disorders, (6) dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemia," 

20 (9) hypercholesterolemia, (10) low HDL levels, (1 1) high LDL levels, (12) atherosclerosis and its 
sequelae, (13) Vascular restenosis, (14) irritable bowel syndrome, (15) inflammatory bowel disease, 
mcluding Crohn's disease and ulcerative colitis, (16) other inflammatoryxonditions, (17) pancreatitis, 
(18) abdominal obesity, (19) neurpdegenerative disease. (20) retinopathy, (21) nephropathy, (22> 
neuropathy, (23) Syndrome X, (24) ovarian hyperandrogeiiism (polycystic ovarian syndrome), (25) Type 

25 n diabetes, (26) growfli hormone deficiency, (27) neutropenia, (28) neuronal disorders. (29) tumor 

metastasis, (30) benig^i prostatic hypertrophy,X32) gingivitis, (33) hypertension, (34) osteoporosis, and 
other conditions that may be treated or prevented by inhibition of DP-IV, 

The subject compounds are further useful in a method for the prevention or treatment of 
the aforementioned diseases, disorders and conditions in combination with other agents. 

30 The conq)Ounds of the present invention may be used in combination with one or more 

other drugs in the treatment, prevention, suppression or amelioration of diseases or conditions for which 
compounds of Formula I or the other drugs may have utility, where the combination of the drugs together 
are safer or more effective than either drug alone. Such other drug(s) may be.adininistered, by a route 
and in an amount cpmixionly used therefor, conten^raneously or sequentially with a conq>ound of 

35 Formula L When a conqjound of Formula I is used contemporaneously with one or more other drugs, a 
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phaixoaceutical composition in unit dosage form containing such otnei drugs and the compound of . 

'^'ormula I is preferred. However, the combination therapy may also iniJude therapies in which the 

: ompound of Formula I and one or more other drugs are administered on dtSferent overlapping schedules. 

It is also contenq>lated that when tised in combinatioDi with one or moie other active ingredi^ts» the 
5 conopounds of the present invention and the other active ingredients may be used in lower doses than 

when each is used singly. Accordingly, the pharmaceutical compositions of the present invention include 

those that contain one or more other active ingredients, m addition to a confound of Formula I 

Examples of other active ingredients that may be admmisiered in combination with a 

compound of Formula I, and either admmistered separately or in the same pharmaceutical composition, 
.0 include, but are not limited to: 

(a) other dipeptidyl peptidase JY (DP -TV) inhibitors; 

(b) insulin sensitizers including (i) PPARy agpHists such as the glitazones (e.g. 
troglitazone, pioglitazone, englitazone, MCC-55S, rosiglitazone, and the like) and other PPAR Ugands, 
including PPARot/y dual agonists, such as KRP-297, and PPARa agonists such as fenofibric acid 

5 derivatives (gemfibrozil, cloflbrate, fenofibrate.and.beza&brate), (ii) biguanides such as metformin and 
phenformin, and (iii) protein tyrosine phosphatase-lB (PTP-IB) inhibitors; 

(c) insulin or insulin mimetics; 

(d) sulfonylureas and oth^ insulin secretagogues, such as tolbutamide glyburide, 
glipizide, glimepiride, and meglitinides, ^lich as repagUnide; 

20 (e) a-glucosidase inhibited? (such as acarbose and ntiglitol); 

(f) glucagon receptor antagonists such as those disclosed WO 98/04528, .WO . 
99/0 1423, WO 00/39088, and WO 00/69810; 

(g) GLP-1, GLP J mimetics, and GLP-1 receptor agonists such as those disclossd in 
WO00/42026andWO00/59887; . , . 

/5 (h) GJP and GIP mimedcs such a^s those disclosed in WO00/5«3j60, and GIP receptor 

agonists; 

(i) PACAP, PACAP mimeticSi and PACAP receptor agonists such as^ those disclosed in 

y/0 01/23420; 

(j) cholesterol lowering agents such as (i) HMG-CoA reductase inhibitors (lovastatin, 
'^0 simvastatin, pravastatin, cerivastatin, fluvastatin, atorvastatin, itavastatin, and rosuvastatin, and other 

statins), (ii) sequestrants (cholestyramine, colestipol, and dialkylaminoalkyl derivatives of a cross-linked 
dextran), (iii) nicotinyl alcohol, nicotinic acid or a salt th^^reof, (iv) PPARa agonists such as fenofibric 
'^^..^id derivatives (gemfibrozil, clofibrate, fenofibrate and bezafibrate), (y) PPARo/y dual agonists, such as 
. KPJP-297, (vi) inhibitors of cholesterol absorptios, such as beta-sitosterol and ezetiraibe^ (vii) acyl 
jt OoA:cholesterol acyltransferase mhibitors, such as avasimibe, and (viii) anti^oxidants, such as probucol; 
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(k) PPAR5 agonists, such as those disclosed in W097/28149; 

0) antiobesity compounds such as fenfluramine, dexfenflurainine, phentemiine, 
sibutxamine, orlistat, neuropeptide Yi or Ys antagonists, CBl receptor inverse agonists and antagonists, 
P3 adrenragic receptor agonists, melanocortin- recq)tor agonists, in particular n3elanocortin-4 receptor 
5 agonists, gjhrelin antagonists, and melanin-concentratiDg homoone (MCH) receptor antagonists; 

(m) ileal bile acid transporter inhibitors; 

(n) agents intended for use in inflammatory conditions such as aspirin, non-steroidal 
anti-inflammatory drugs, glucocorticoids, azulfidine, and selective cyclooxygenase-2 inhibitors; and 
(o) antihypertensive agents such as ACE inhibitors (enalapril, lisinopril, captopril, 
10 quinapril, tandolapril), A-II receptor blockers (losartan, candesartan, irbesartan, valsartan, telmisartan, 
eprosartan), beta blockers and calcium channel blockers. 

Dipeptidyl peptidase-IV inhibitors that can be combinedl with.compounds of structural 
fonnula I include those disclosed in WO 03/004498 (16 January 2003); WO 03/004496 (16 January 
2003); EP 1 258 476 (20 November 2002); WO 02/083128 (24 October 2002); WO 02/062764 (15 
15 August 2002); WO 03/000250 (3 January 2003); WO 03/002530 (9 January 2003); WO 03/00253 1 (9 
January 2003); WO 03/002553 (9 January 2003); WO 03/002593 (9 January 2003); WO 03/000180 (3 
January 2003); and WO 03/000181 (3 January 2003). Specific DP-IV inhibitor compounds include 
isoleucine thiazolidide; NVP.DPP728; P32/98; and LAP 237. 

Antiobesity confounds that can be combined with compounds of structural formula I 
20 include fenfluramine, dexfenfluramine, phentennine, sibutramine, orlistat, neuropeptide Yi or Y5 

antagonists, cannabinoid CB 1 receptor antagonists or inverse agonists, melanocortin receptor agonists, in 
particular, melanocortin-4 receptor agonists, ghrelin antagonists, and melanin-concentrating hormone 
(MCH) receptor antagonists. For a review, of antinabesity compounds that can be corribined with 
conq)Ounds of structural formula I, see S. Chaki et ai., **Recent advances in feedmg suppressing agents: 
^ 25 potential flierapeutic strategy for the treatment of obesity." Expert Opin. Ther: Patents . 11: 1677-1692 
(2001) and D. Spanswick and K, Lee, "Emerging antiobesity drugs," Expert Opin. Emerging Drugs. 8: 
217-237(2003). . . ; . ; 

Neuropeptide Y5 antagonists that can be combined with con^unds of structural ■ 
formula I include those disclosed in U.S. Patent No. 6,335,345 (1 January 2002) and WO 01/14376 (1 
30 March 2001); and specific conqwunds identified as GW 59884A; GW 569180A; LY366377; and CGP- 
71683A. 

Cannabinoid CBl receptor antagonists that can be combined with compounds of formula 
I include those disclosed in PCX Publication WO 03/007887;.U.S. Patent No. 5,624,941, such as 
rimonabant; PCT Publication WO 02/076949, such as SLV-3 19; U.S. Patent No. 6.028,084; PCT 
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Publication WO 98/41519; PCl^ PubUcatiou WO 00/10968; PCT PubUcation WO 99/02499; U.S. Patent 
No. 5,532^37; and U.S. Patent No. 5,292,736. 

Melanocortin receptor agonists that can be combined with conq)oiinds of structural 
formula I include those disclosed in WO 03/009847 (6 February 2003); WO 02/068388 (6 September 
5 2002); WO 99/64002 (16 December 1999); WO 00/74679 (14 December 2000); WO 01/70708 (27 
September 2001); and WO 01/70337 (27 September 2001) as well as those disclosed in JD. Speake et 
al., **Recent advances in the development of melanocoitin-4 receptor agonists," Expert Opin. Ther, 
Patents. 12: 1631-1638 (2002). 

When a compound of the present invention is used contemporaneously with one or more 

10 other drugs, a pharmaceutical composition containing such other dings in addition to the compound of 
the present invention is preferred. Accordingly, the pharmaceutical compositions of the present 
invention include those that also contain one or more otiier active ingredients, in addition to a corqpound 
of the present invention. 

The weight ratio of die compound of the pi^ent invention to the second active 

l.> ingredient may be varied and will depend upon the effective dose of each ingredient; Generally, an 
effective dose of each wiU be used. Thus, for example, when a conq)Ound of the present invention is 
^^ombined with another agent, the weight ratio of the compound of the present invention to the other 
agent will generally range from about 1000:1 to about 1:1000, preferably ibout 200: 1 to about 1:200. 
Combinations of a compound of the present inventiai and otlier active ingredients will generally also be 

20 within the aforementioned -range, but in each case, an effective dose of each active ingredient should be 
used. • , ' . • 

In such combinaiions the compound of the present bivention ^d other active agents niay 
be administered separately or in conjunction. In addition, the iadmiriistration of one element may be prior 
tx), concurrent to, or subsequent to the administration of other agentCs). 

25 The compounds of the present iiivention may be administered by oral, paxeriiteial (e.g., 

intramuscular, intraperitoneal, intravenous, ICV, intracistemal injection or infusion, subcutaneous 
bjection, or implant), by inhalation spray, nasal, vaginal, rectal, sublmgual, or topical routes of 
rdmmistration and may be formulated, alone or together, in suitable dosage unit formulations containing 
conventional non-toxic phamiaceutically acceptable carriers, adjuvants and vehicles appropriate for each 

30 route of administration. In addition to the treatment of warm-blooded animals such as mice, rats, horses, 
cattle, sheep, dogs, cats, monkeys, etc., the compounds of the invention are effective for use in humans. 

The pharmaceutical compositions for the administration of the compounds of this 
ivjvenrton may conveniently be presented in dosage unit form and may be prepared by any of the methods 
V/cil known in the art of pharmacy. All methods include the step of brmging the active ingredient into. 

35 association with the carrier which constitutes one or riiare accftsso^^ In general, the 
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pharmaceutical con^ositions are prepared by urdformly and mtiinately bringing the active ingredient into 
association with a liquid carrier or a finely divided solid carrier or both, and then, if necessary, shaping 
the product into ihe desired fommlation. In the pharmaceutical conoposition the active object compound 
is included in an amount sufficient to produce the desired effect upon the process or condition of 

S diseases. As used herein, the term *'conq)osition" is intended to encompass a product conqprising the 

specified ingredients in the specified amounts, as well as any product which results, directly or indirectly, 
from conibination of the specified ingredients in the specified anoounts. 

The pharmaceutical compositions containing the active ingredient may be in a form 
suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible 

10 powders^or granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for 
oral use may be prepared according to any method known to the art for the naanufacture of 
pharmaceutical con^ositions and such compositions may contain one or more agents selected from the 
group consisting of sweetening agents, flavoring agents, coloring agents and preserving agents in order to 
provide phaimaceuticaUy elegant and palatable preparations. Tablets contain the active ingredient in 

IS admixture with non-toxic pharmaceutically acceptable excipients which are.suitable for the manufacture 
of tablets. These excipients may be for example, meit diluents, such as calcium carbonate, sodium 
carbonate, lactose, calcium phosphate or sodium phosphate; granulating and dismtegrating agents; for 
exan5)le, com starch, or alginic acid; binding agents, for example starch; gelatin or acacia, and 
lubricating agents, for example magnesium stearate, stearic acid or talc. The tablets may be uncoated or 

20 they may be coated by known techniques to delay disintegration and absorptioii in-the gastrointestinal 
tract and thereby provide a sustained action over a longer period. For example, a time delay material 
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated by the 
techniques described in the U.S. Patents 4256,108; 4,166,452; and 4,265,874 to. form osmotic 
therapeutic tablets for control release. 

25 . . . Formulationsfororalusemay also be presented as bard gelatin capsules wherein the. 

active ingredient is mixed with an inert solid diluent, for exan^e, calcium carbonate, calcium phosphate 
or kaolin, or as soft gelatin capsules wherein the active higredient is mixed with water or an oil medium, 
for exan[q)le peanut oil, liquid paraffin, or olive oil. / 

Aqueous suspensions contain the active materials in admixture with excipients suitable 

30 for the manufacture of aqueous suspensions. Such excipients are suspending agents, for example sodium 
carboxymethylcellulose, methylcellulose, hydroxy- propylmethylcellulose, sodium alginate, polyvinyl- 
pyrrohdone, gum tragacanth and gum acacia; dispersing or wetting agents imay be a naturallyHDccuning 
. phosphatide, for example lecithin, or condensation products of an alkylene oxide with fatty acids, for .. 
example polyoxyethylene stearate, or condensation jproducts of ethylene oxide with long chain aliphatic 

35 alcohols, for exanq>le heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with 
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yartial cscero derived firom fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, oi 

vadsDsation products of ethylene oxide with partial esters derived from fatty acids and he/itol 
. oahydrldes, for example polyethylene sofbitan monooleate. The aqueous suspensions may also contain 
one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a vegetable 
. :ly for exanq)le arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid parafGn. 
The oily suspensions may contain a thickening agent, for example beeswax, hard parafSn or cetyl 
alcohol. Sweetening agents such as those set forth above, .and flavoring agents noiay be added to provide 
a palatable oral preparation. These compositions may be preserved by the addition of an anti-oxidant 
irach as ascorbic acid. 

Dispersible powders and granules suitable lor preparation of an aqueoas suspeiisiou by 
the addition of water provide the active ingredient in admixture with a dispersing or wetting agent, 
suspending agent and one or more preservatives. Suitable dispersing or wetting agents and susp^ding 
agents are exemgplified by those already mentioned above; Additional excipients, for example 
sweetening, flavoring and coloring agents, may also be present. 

The phannaceutical compositions of the invention may also be in the. form of oil-in- . 
water emulsions. The oily phase may be a vegetable oil, for exantgile olive oi! or arachis oil, or a mineral 
oil, for exanople liquid paraffin or mixtures of these. Suitable emulsifying agents may be naturally-* 
:>.r:curring gums, for examplt gum acacia or gum tragacanlh, naturally-occiuring phosphatides, for 
e^xample soy bean, lecithin, and estere cr partial esters derived from fatty acids and hexitol anhydrides, 
for example sorbitan nionoobate, and condensation products of the said partial esters with ethylene 
<)xide, for example polyoxyethylene sorbitan moaooieate. The emulsions may also contain sv^eetening 
Mnd flavoring agents. 

Syrups and elixLnj may be foimulated with sweetening agents, for exainple glycerol, 
propylene glycol, sorbitol or sucrose. Such formulations may also contam a demulcent, a preservative 
and flavoring and coloring agents. 

The phannaceutical compositions may be in the form of a sterile injectable aqueous or 
oleagenous suspension. Thi.s suspension may be fonnulated according to the known an using those 
: aitable dispersing or wetting agents and suspending agents which have been mentioned above. The 
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for example as a solution in 1,3-butane diol Among the 
r.rceptable vehicles and solvents tiiat may be employed are water, finger's solution and isotonic sodium 
/blonde solution. In addition, sterile, fixed oils are conventionally empioyed.as a solvent or suspending 
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'medium. Foi this purpose any bland fixed oil may be enq)loyed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oleic acid find use in the preparation of injectables. 

The conQ>ounds of the present invention may also be admmist^ed in the form of 
suppositories for rectal administration of the drug. These con^ositions can be prepared by mixing the 
S drug with a suitable non-imtatingexcipientwMch is soUd at ordinary tenoperatures but 

rectal tenq^erature and will th^fore melt in the rectum to release the drug. Such materials are cocoa 
butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the 
cornypounds of the present invention are employed. (For purposes of this application, topical application 

10 shall include mouthwashes and gargles.) 

The pharmaceutical composition and method of the present invention may further 
coniiprise other therapeutically active con^unds as noted herein which are usually applied in the 
treatment of die above mentioned pathological conditions. 

In the treatment or prevention of conditions which require inhibition of dipeptidyl 

.15 peptidasc-IV enzyme activity an appropriate dosage level wiQ generally be about 0.01 to 500 mg per kg 
patient body wei^t per day which can be administered in single or multiple doses. Prefe];ably, the 
dosage level will be about 0, 1 to about 250 mg/kg per day; more preferably about 0.5 to about 100 mg/kg 
per day. A suitable dosage level may be about 0.01 to 250 mg/kg per day, about 0.05 to 100 mg/kg per 
day, or about 0. 1 to 50 mg/kg per day. Within this range the dosage may be 0,05 to 0!5, 0.5 to 5 or 5 to 

20 50 mg/kg per day. For oral administration, the compositions are preferably provided in the form of 
tablets containing 1.0 to 1000 mg of the active ingredient, particularly 1.0, 5.0, 10.0, 15.0. 20.0, 25.0, 
.^0.0, 75.0, 100.0, 150.0, 200.0, 250.0, 300.0, 400.0, 500.0. 600.0, 750.0, 800.0, 900.0, and 1000.0 mg of 

the active ingredient for the symptoimtic adjustment of th^ The — ^ 

compounds may be administered on a regimeii of 1 to 4 times per day, preferably once or twice per day. 

>i5 When treating or preventing diabetes meUitus and/or hyperg^^ 

hypertriglyceridemia or other diseases for which coiip^unds of the present invention are indicated, 
generally satisfactory results are obtained when the compounds of the present invention are administered 
at a daily dosage of from about 0.1 mg to about 100 mg per kilogram of animal body weight, preferably 
given as a single daily dose or in divided doses two to six times a day, or in sustained release form For 

.^0 most large mammals, the total daily dosage is from about 1.0 mg to about 1000 mg, preferably from 
about 1 mg to about 50 mg. In the case of a 70 kg adult human, the total daily dose will generally be 
from about 7 mg to about 350 mg. This dosage regimen may be adjusted to provide the optimal 
therapeutic response. , . . . . 

It will be understood, however; that the specific dose level and frequency of dosage for 

"^5 any particular patient inay be varied and^Adfl depend upon a variety, of factors i^^ 
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the specific compound en5)loyed, the metabolic stability and length of action of that compound, the age, 
body weight, general health, sex, diet, mode and time of administration, rate of excretion, drug 
rombination, the severity of the particular condition, and the host undergoing therapy. 

Several methods for preparing the confounds of this invention are illustrated in the 
foUowmg Schemes and Exaicples. Starting materials are made accordmg to procedures known in the art 
or as illustrated herein. 



PHN 



RO2, AcOH, 
H2, 50 atm 



O 




OMe ™r^OH 
LiOK (aq), THF 




Dess-Martin Periodinane PHN 
or other oxidation 



EDO, HOBt, DIEA . 
or other ooupling rrtethod 



PhN(CH3)3Br 
idlvent 



^^2' ■ X Q - 



solverttj heat 



Y 

O 



HoN 



deprotection 






The preparation of Compounds of formula la, wherein is hydrogen and Z is nitrogen, 
j!> illustrated in Scheme 1. Esier Jl, which iaay be commeirially available pr readily prepared ficm the 
corresponding anuno acid by protection using, for example di-^ert-butyl dicarbonate (for P = Bo:::), and 
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esterification in methanol or ethanol containing an acid such as hydrochloric acid, is subjected to 
catalytic hydrogenation using a catalyst such as platinum oxide in a solvent such^s acetic acid at a 
pressure of up to 50 psi for a time of 2 to 16 h to the give cyclohe^yl analog 2. The ester functionality in 
conq>ound 2 can be removed to yield the carboxylic acid 1. In the case of an ester such as methyl or 

S ethyl, this is achieved by saponification using a base such as aqueous lithium hydroxide in a polar solvent 
such as tetrahydrofuran, methanol or a mixture of similar solvents. Acid 1 is coi^led to heterocyclic 
amine i under standard peptide coupling conditions, for example, using l-ethyl-3-(3- 
dimethylaminopropyl)-carbodiimide (EDC), 1-hydroxybenzotriazole (HOBT), and a base» generally KN- 
diisopropylethylamine, in a solvent such as N J^-dimethylformamide (DMF) or dichloromethane for 3 to 

10 48 h at ambient temperature to provide intermediate 5. The resultant alcohol wy be oxidized to the 
ketone using, for example, the Dess-Martin periodinane reagent in dichloromethane for 1 to 5 h at 
ambient temperature to provide intermediate 6. The protected ketone 6 is treated with 
phenyltrimethylammonium perhromide m a solvit suqh as THF for 5-20 hours at ambient temperature 
to afford intermediate 7.. a-Bromoketone 7 may then be treated with a primary amide, a primary 

15 thioamide, or a primary amidine 8 in a solvent such as DMF for 3 to 48.h at elevated temparature to 

provide intermediate £ (Y = O. S, or N, respectively). When P = Boc, heterocycle 2 may be deprotected 
either by stirring the compounds with an acid such as TFA or HQ in a solvent such as dichloromethane 
or dioxane at ambient temperature for 0.5 to 3 h. When P = Cbz, 9 may be deprotected with 
iodoirimethylsilane in a solvent such as acetonitrile for 0:5 to 2 h at 0 °C or at anribient temperature. 

ZO Deprotection of 9 affords the final compound la, wherein is hydrogen. The product is purified fi:om 
unwanted side products, if necessary, by recrystallization, trituration, preparative thin layer 
chromatography, flash chron^atography on silica gel, such as with a Biotage® apparatus, or reverse phase 
HPLG. Q)rnpoundsthat are.purifiedby HPLC niay b^ 

Diastereomeric mixtures may be resolved using a ChiralCel column (types AD, AS, OD, or OJ). 

%5 Purification of intennediates is achieved in the same manner. As will be imderstpod by those skilled in 
the art, for the preparation of enantiomerically pure cannpounds of formula la, enantiomerically pure 
alpha amino acids i may be used. Related routes to these compounds can be found in the foUowing 
references: Nutt ei al. Peptides: Structure and Function, Proceed, of the 9^ Amer. Pept. Svmp .. eds C. 
Deber et at,. Pierce Chemical Co. Rockford, H. 441 (1985), and Banfi et al., Syiu Coinmuru, 19, 1787- 

30 r/99(i&89). 

Primary amides, primary thioamides, or primary amidines 8 are commercially available, 
known in the literature, or may be prepared by a variety of methods conomonly known to those skilled in 
the art. 
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SCHEMH2 



o 



HN^X (10) 



p CONH2 • 
PHN^JCj^^ Dess-Martin Periodinane 



or other oxidation 



EDC, HOBt.DlEA 
or other coupling method 
OH OH 
3 11 



9 C0NH2 

PHN^^^ 



^xkj PhN(CH2)3Br-Br2. 
O 



O CONH2 
PHN^^i 



solvent 



12 




solvent, hea t 
Y 

8 



PHN 




CONHa 



1. cyanuric chloride 

2. deprotection 




The synthesis of compounds lb, wherein is cyano.and Z is nitrogen, is iilustiated in_ 
Scheme 2. Acid 3, prepared as described in Scheme 1, is coiq^led to heterqcyclic amine 10 under 
standard peptide coupling conditions, for example, using l-ethyl-3-(3-dimethylaminQpropyl)- 
carbodiimide (EDC), l-hydroxybenzotriazole (FIOBT), and a base, generally A^W-diisopropylethylaniine, 
in a splvent such as N,N-dimetfaylfonnainide (DMF) or dichlOTomethane for 3 to 48 h at ambient 
temperature to provide intermediate JJ. . Intermediate H is converted to the protected heterocycle 14 as 
described above for Scheme 1. Heterocycle 14 is then treated with a dehydrating agent such as cyanuric 
chloride in a polar solvent, for example, dimethylformamide for 1 to 16 h at 0 to 50 ^'C to provide the 
iiitrile. The protecting group is then removed with, for example, trifluoroacetic acid in dichloromethane 
to give the desired product lb. 
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EDC, HOBt, DIEA 
or other coupling method 



^"•^V^N^ Dess-Martin Periodinane ^^"^y^N^ 
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PhN(CH3)3Br-Br 2, 
solvent " 



deprotectlon 




O 

PHN^A 



^\^. solvent, heat I^^ 



21 



r2 - 



H2N 



The synthesis of coiiq>ounds Ic, wheiem "R} is hydrogen and Y is nitrogen, is illustrated 
m Scheme 3. Ester 15, which may be commercially available or readily prepared from the corresponding 
amino acid by protection using, for exanq>le di-fert-butyl dicarbonate (for P = ^c), and estoification in 
methanol or etbanol containing an acid such as hydrochloric acid, is subjected to catalytic bydrogenation 
using a catalyst such as platinum oxide in a solvent such as acetic acid at a pressure of up to SO psi for a 
time of 2 to 16 h to the give cyclohexyl analog 16. Intermediate 16 is converted to the desired heterocycle 
]fc as described above for Scheme 1. As will be understood by those skilled in the art, for the preparation 
of snantiomerically pure alpha compoiinds of formula Ic, enantiomerically pure alpha amino acids 15 
may be used. Related routes to these conq>ounds can be found in the following references: Nutt et al, 
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V' :^ildQis: Structure and Function, Prcc p^d. o f tha 9^ Am er. Pept Svmp ., eds C Deber ei aZ., Pierce 
: Iheiiiical Co. Roolford, 2, 441 (1985). and Banfi et al., Syn, Conmuau, 19, 1787-1799 (i98*9). 

Primaiy amides, primary thioanudes, or primary amidines 21 are commercially available, 
known in the literature, or may be prepared by a variety of methods commonly known to those skilled m 
f the art. 



HN^XOfi) 
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O CONH2 
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- 1 . eyahuric Ghloiide 
2. deprotection 




The synthesis of coinpounds Id, wherein is cyano and Y is nitrogen, is illustrated in 
■\0 Scheme 4. Acid 17, prepared as described in Scheme 3, is converted to the heterocypie 1^ as described 
above for Scheme 2 
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SCHEMES 



O^OH 



. . W-h\/HrnYw.QiirninimiHA . .A. NH40fH^ 




l^^.v^ N-hydroxysuccinimide ^^-isj"''^ 

\ — EDC \ dioxane 

27 28 





TFA^CHgClg ^ 
or H2, Pd catalyst 

29 

Heterocycles 10 are coimnercially available, known in the literature or may be 
conveniently prepared by a variety of riiethods familiar to those skilled in the art. One common route is 
illustrated in Scheme 5 and involves treatment of acid 27, wherein P is a carbamate protecting group such 
fi , as Boo or Cbz, with N-hydroxysuccinimide and EDC or other suitable coupling agent in a solvent such as 
ilichloromethane for 1 to 16 h. The resultant product 2^ is then treated with iaqueous toimonium 
hydroxide in a solvent such as dioxanie. Removal of the protectmg group, for example by treatment with 
TFA in dichloromethane in the case of Boc or under catalytic hydrogenation conditions m the case of 
Cbz, provides intermediates 10. Acid derivatives 27 are conmiercially a,vailable, known in the literature 
10 or may be conveniently prepared by a variety.of methods familiar to those skilled in the art. For 

exarqple, when X is CHF or CF2t synthesis of the methyl ester of 22 is described in Denaange et. al^ 

Tetrahedron Lett.,'i9Al(>%{l99^y 

In some cases the product I or synthetic intermediates illustrated in the above schemes 
may be further modified, for example, by manipulation of substituents on or R^. These 
15 manipulations may include, but are not limited to, substitution, reduction, oxidation, alkylation, - 
acylation, and hydrolysis reactions which are commonly known to those skilled in the art. 

SCHEME6 . 
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o Ri 0 n- 

1 ^--^ 2.deiroteclion 1 L./ --^ SUgH- 





COR^, 
C02R^ 



Oae such mauipulatiou is illustrated in Scheme 6, whraein amincueterccycle 30 is 
. -ylaied with, for example, an acid chloride, an activated carboxylic acid, or a siilfonyl chloride in the 
presence of a base such as pyridine or W^W-diisopropylethylamine. in a solvent such as N.N- 
dvmethylfonnaniide (DMF) or dichloromethane for 3 to 4S h at ambient temperature to provide the R 
substituted aminoheterocycle. Removal of the protecting group, for example by treatment witfi TFA in 
dichloiomBthane in the case of Boc or with iodotiimBthyisilane in acetoritrile in the case of Cbz, 
^.•lovides final ccHupounds of formula le. ° 

SCHEME? 

9 R"* O ftl . O W 




- I J ' 
deprotection R^-jsj^'^V''^ 



R^- :If 




Anothef such ex ample is illustrated An Scheme 7. InteLmadlate 31. wherein Y and Z are 
r>i and N-H, is treated with an alkyl halide such as an alkyl bromide or alkyl iodide. Deprotectioa affords 
Ibe product. t7/pically as a mixture of isomers, and Ig, 

In some cases the order of carrying out ibe foregoing reaction schemes may be varied to 
facilitate the reaction or to avoid unwanted reaction products. The following examples are providf*d so 
* hat rhe invention might be more fully understood. These examples aie illustrative only and J5l:ould not 
hr- : ' mstrued as limiting the iavendon in any way. 

INTERMEDIATE 1 
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O 




OH 

Methvlf2.y)4(fgrt-butoxvcarbonvl)fl Tininnia>hv droxvcvclohexvne^ 

To a solution of 20 mL (230 ramol) of acetyl chloride in 400 mL of methanol at 0 °C was 
added 20 g (120 mmol) of (S)-4-hydroxyphenylglycme, The mixture was stirred at ambient tenq)erature 
5 for 16 hrheated at 40 °C for 2 h, cooled and concentrated in vacuo. Water was added and the mixture 
was extracted with three portions of dichloromethane. The combined organic phase was washed with 
brine, dried over magnesium sulfate, and concentrated in vacuo to give the crude methyl ester. This 
material'was dissolved in 400 mL of dichloromethane, and 28.8 g (132 mmol) of di-r&it-butyl 
dicarbonate and 31.4 mL (180 mmol) of //,iV-diisoprop)dethylamine (DIEA) were added. The mixture 

10 was stirred at ambient tenq)erature for 20 h, concenirated in vacuo, and dissolved in 400 mL of ethyl 
acetate. The organic phase was washed sequentially with saturated sodium bicarbonate solution, water, 
and brine, dried over magnesium sulfate, and concentrated in vacuo. The cmde solid was triturated with 
200 mL of 1:4 ether:hexane to give 30 g of the Boc carbamate which was dissolved in 300 mL of acetic 
acid. To the solution was added 2.2 g of platinum (IV) oxide and the reaction was shaken under an 

15 atmosphere of hydrogen (48 psi) for 2 h, filtered and concentrated in vacuo, tht crude material was 

dissolved in ethyl acetate and washed sequentially with saturated sodium bicarbonate solution, water, and 
brine, dried over magnesium sulfate, and concentrated in vacuo. Purification by flash chronoatography 
(silica gel, 20 to 40% ethyl acetate in hexanes) afforded the cis, tide compound, NMR (400J\aHz, 
CDCI3) 5 5.05 (bd, la J = 12Hz), 4.33-4.27 (m, IH), 4.05 (bs, IH), 3 J8 (s,3H), 1.89-1.78 (m, 2H), 

20 1.63-1.38 (m, 16H0. Continued elution gave the trans title conq)Ound. 1h NMR (400 MHz, CDCI3) 5 
5.04 (bd, IH, J = 12Hz), 4.30-4.23 (m, IH), 3.78 (s,3H), 3.59-3.51 (m, IH), 2.08-2.00 (m, 2H). 1.79-1.50 
(m, 3H),: 1.43 (s, 9H), 1,33-1.04 (m, 4H). 



• INtERMEDIATE2 ^ 
O 
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xg/t- Butvi 1 2-rr3.y)-3-fluoropvrmlidiu>i> y!i J 4«bydiQxvcvclohexvlV2-oxoethvl1carbamate 

To a solution ox 10 g (35 imnol) of Ittermediate 1 in 525 mL of THF and 175 mL of 
. /nethanol was added 174 mL (174 mmol) of 1 N aqueous lilhium hydroxide solution. The reaction 
mixture was stirred for 2 h at ambient temperature, then concentrated in vacuo. The residue was 
acidified with 400 mL of 5% aqueous hydrochloric acid and the mixture extracted with two 400mL 
portions of ethyl acetate. The combined organic extracts were washed sequentially witii 500 mL of 5% 
aqueous hydrochloric acid and 500 mL of brine, dried over sodium sulfate, filtered and concentrated in 
vacuo. A 2.5 g siiirQ)Ie (9.1 mmu!) of the cradc ucid was uissol veu in 100 aiL of dlcliloroinetl'iane and 
978 ing (11 mmol) of (S)-2-flJioropyrrolidine.hydrochloride (1.8 g, 9.6 mmol), EDC (1.2 g, 9.2 mmol), 

10 HOBt (1.2 g, 9.2 minol) and DIEA (1.7 mL, 9.6 mmol) were added. The reaction mixture was stirred 
under nitrogen at arobieut temperature for 1 2 h. Dichloromethane (300 mL) was then added and the 
r eaction mixture was washed sequentially with 400 inL of 5% aqueous hydrochloride acid, 400 mL of 
saturated aqueous sodium bicarbonate solution, and 400 mL.of brine, then dried over sodium sulfate, 
filtered, and concentrated in vacuo. Pmificatiori by flash chromatography (silica gel, 100% ethyl acetate 

15 io 10% methanol/sthyl acetate gradient elution) afforded, the title conq>ound. MS 367.2 (M+23). 




O 



tert'-B vtv\ i2-:'(3iy^>3"fluoropvrrolidin"l-vJl"2-oxo-l-(4-Qxocyclohexyl ') ethvl1carbamate 
-^.0 To a solution of 2.0 g (5.9 nmol) of Intermediate 2 in 100 nJL of dichloromethane was 

added 2.7 g (7.4 mmol) of the Dess-Martin periodinane reagent. The reaction mixture was stirred at 
g.mbient temperature for 3 h, then quenched with 50 ml^ of saturated aqueous sodium sulfite solution. 
This mixture was stirred for 5 ruin, then 50 mL of saturated aqueous sodium bicarbonate solution was 
added and the mixture stirred for an additional 15 min. The organic layer was then washed sequentially 
'15 '.vith 100 mL of saturated aqueous sodium sulfite solution, 100 mL of saturated aqueous sodium 

bicarbonate solution, and 100 mL of brine, dried over sodium sulfate, filtered and concentrated in vacuo. 
Purification by flash chromatography (silica gel, gradient elution, 80% ethyl acetate/hexane to 20% 
methanol/ethyi acetate) afforded the, titie confound. MS 243. 1 (M+1 - BOC). 

30 ' I NTER2^DLVTE4 
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CbzHN 



Benzyl r2>rf35 )-3-fluoropvr roHdin4-vl1-2 -^xo-l-f4-Qxocv^ 

To 1.6 g (4.7 mmol) of Intermediate 3 was added 20 mL of a 1: 1 solution mixture of 
dichloromethane and trifluoroacetic acid. The solution was stirred for 30 min, then concentrated in 

5 vacuo. To the crude residue was added 60 mL of THF foDowed by 20 mL of aqueous saturated sodium 
bicarbonate solution and 0.67 rnL (4.7 mmol) of benzyl chlorbformate. The reaction mixture was stirred 
at ambient temperature for 90 min. Ethyl acetate (200 mL) was added, and the solution was washed 
sequentially with 200 mL of water, 200 mL of 5% aqueous hydrochloric acid, and 200 inL of brine, dried 
over sodium sulfate, filtered and concentrated in vacuo. Purification by flash chromatography (silica gel, 

10 gradient elution, 60% ethyl acetate^exane to 100% ethyl acetate) afforded the title compound. MS 
377.2 (M+1). 



CbzHN 




15 Benzyl fl-(3-bromo-4<>xocVclohexvl)-2-f(35)"3"fluoropvrrolidin-l-vll-2-oxoethvl1carbamate 

To 0.69 g (1.8 mmol) of Xnteraaediate 4 in 25 mL of THF was added 132 g (3.5 mmol) of 
phenyltrimethylammonium perbromide at 0 °C. The reaction mixture was allowed to stir and warm 
slowly to ambient ten[q)erature overnight. Saturated sodium bicarbonate solution (35 mL) was added iEtnd 
the reaction mixture was extracted with three 60mL portions of ethyl acetate. The combined organics 

20 were washed with saturated aqueous sodium bicarbonate solution and brine, dried over sodium sulfate, 
filtered and concentrated in vacuo to the title compound. MS 456.2 (M+1). 
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I NTERMEDIA^IE 6 




H2N 



oxoisthynca rba mate 

To 0-085 g (0. 19 minol) of lotermadiate 5 was added 2 jxiL of absolute ethanol and 0.020 
i^. (0.38 imnol) of thiourea, and the reaction mixture was stirred at 80 "^C under nitrogen overnight. Tlie 
reaction mixture was then cooled to room tenjperature and concentrated in vacuo. The crude product 
was purified directly on Gilson reverse phase prepai-ative HPLC (YMG-Pack Pro CI 8, giadient elution, 
10% acetonitrile/water to 90% acetonitrile/water m 9 min at 20 mL/min) to afford the aminotiiiazole. 
»4S 433.3 

INTERMEDIATIE 7 ' ■ 
O 

HgN • • 

tert-Bu f A r(iy)4-(2-aiiu iio-4 .5.6J4.eliahvdro-1.3-4?eDZOthiazol-6-yl)-2-rG5)-3 - fluoropmo lid^^ 
i-Yl1-2- oxoethvl1carbamate 

Jhtamediate 7 was formed from Intomsdiate 3 essentially following the procedures for 
b^tenxifidiates 5 and 6. The diastereoroetic mixture was resolved using the ChiralCel OJ 4.6 x 250 mm 10 
:7iicron oolmnn (70 % ethanol/bexane). For the faster eluting diastereomor, MS 399.5 (M+1). For the 
slower eluting diastereom&-. MS 399.5 (M+1)- 



BocHN, 
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EXAMPLE 1 



O 

TFA- UN,,^^. 




TFA- 

fi, ff1.S>1-Aminn-2-rf3>S^-3-fluQi^vrroHdm-l-vl1-2^^ 

a mine, bis-trifluoroacetic acid salt 
5 Intennediate 6 was resolved using the ChiralCel OJ 4.6 x 250 mm 10 micron column (70 

% ethanoi/hexane) to afford each pure diastereomer of intermediate 6. 

^ To 18 mg (0.042 mmol) of the faster eluting diastereomer dissolved in 1 mL of 

acetonitrile was added 0.036 mL (0.25 mmol) of iodotrimethylsilane. The reaction mixture was stirred at 

ambient temperature for 30 min and then concentrated in vacuo. The crude product was purified directly 
10 on Gilson reverse phase preparative HPLC (YMC-Pack Pro C18. gradient elution, 10% acetbnitrile/water 

to 90% acetonitrile/water in 9 min at 20 mL/min) to obtam one diastereom^ of the title compound. MS 

299.0 (M+1). The same procedure was used to afford the other diastereomer of the title compound from 

the slower eluting diastereomer of Intermediate 6. MS 299.0 (M+1). 

15 EXAMPLE 2 ' " 

O . / 




if lS^-24f3iy^-3-FluoroPY rrn1idin-U yl1-1^2-methvM.S,6.7'tetrahv^^^ 
oxoethvllaT TiiTiR, trifl uoroacetic acid salt 

To 0. 17 g (0.38 mmol) of the a-bromoketone Intermediate 5 in 2 mL of DMF was added 
20 42 mg (0.56 mmol) of thioacetamide. The reaction mixture was stirred at 80 °C under nitrogen for 

approximately 16 h. The reaction mixture was extracted with three 25-mL portions of ethyl acetate, and 
the organic phase was washed sequentially with two 50-mL portions of water and one 50-mL portion of 
brine, dried over sodium sulfate, filtered and concentrated in vacuo. The product was purified by flash 
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chidnjatography (silica gel, gradieni elution. 25% ethyl acetate/hexane^ to 75% ethyl acetate/hexane) to . 
ifiord 45 mg of the diasiereomeiic mixture. The mixture was resdved by HPLC using the ChiialCel OI 

6 X 250 mm 10 micron column with 50% ethanol/hexane. The pure diastereomers wctb deprotected 
i ssing iodotrimethylsilane, essentially following the procedure described in Exanq>le 1. The products 
v^ere purified by Gilson reverse phase preparative HPLC (YMC-Pack Pro C18, gradient elution, 10% 
acetonitrileywater to 90% acetonitrile/water in 9 min at 20 mL/min) to afford each diastereomer. Product 
from the faster eluting diasteieomer, MS 298. 1 (M+1), Product from the slower elutmg diastereomer, 
MS 298.1 (J^+1). 



EXAMPLES 
O 




f(] &V2>lt2ST3 FluoropTO o Udin-l-vl1-2H3xo-l-r2-r4-^ 
benz othia2 ol"6"v nethvllamin e. trifluoroacetic acid salt 

To 0.070 g (0.15 mmol) of the a-bromoketone IriteiTOcdiate 5 in 2 mL of D^/JF was 
??.dded 47 ing (0.23 irnnol) of 4-(trifluoromethyi)thiobenxamide. The reaction mixture we.s ^tiired at 100' 
""C underniti-ogcn for ]6hand then diluted with 20 njL of water: The reaction mixture waff extracted. 
Mtb three 25-idL portions of ethyl acetate, and the combined organics were^ washed sequentially with 
t}7>*o 50-inL pcqtions of water and one 50-mL portion of brine, dried over sodium sulfate, filtered and 
concentrated in vacuo. The product was purified by flash chromatography (silica gel, gradient elution, 
25% ethyl acetate/hexane to 75% ethyl acetate/hexane) to afford ?5 mg of the diastereomeric mixture. 
The mixture was resolved by HPLC, using the ChiralCel AS 4.6 x 250 mm 10 micron column with 50 % 
sthanol/hexane. The pure diastereomers were deprotected as in Example 1 using iodotrimethylsilane. 
The products were purified by Gilson reverse phase preparative HPLC (YMC-Pack Pro C18, gradient 
elution, 10% acetonitrile/water to 90% acetonitrile/water in 9 min at 20 mL/min) tc afford each 
diastereomer of the title compoimd. Foi product frcra faster eluting diasterecmei, MS 428.3 (M-*- 1). For 
product from slower eluting diastereonier, MS 4683 TM+i). 
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EXAMPLE4 




^-r6-rri.S^-UAmiTicv>2-rf35:^.-3-fluoropvn-oUdin-l-^^ ^ 
vn-4-flttoro-3-(trifluoroinethvDbe n7.flTnide^ trifluoroacetic add salt 
5 Intermediate 6 (40 mg, 0.092 mmol) was dissolved ia 1 mL of dichloromethane, and 

0.048 mL (0.28 mmol) of DIEA followed by 0.021 mL (0.14 mmol) of 4-flucM:o-3- 
(trifluoromethyl)benzoyl chloride was added. The reaction mixture was stirred overnight at ambient 
temperature. The reaction mixture was filtered through 200 mg of PSA Bond Elut resin. The resin was 
washed with 10 mL of 10% methanol/dichloromethane and the filtrate concentrated in vacuo. The 

10 residue was purified by Gilson reverse phase preparative HPLC (YMC-Pack Pro C18, gradient elution, 
10% acetonitrile/water to 90% acetonitrile/water in 9 min at 20 mL/min). The diasteieomeric mixture 
was resolved by HPLC using the ChiralCel AS 4.6 x.250 mm 10 micron column with 50% 
ethanol/hexane. Protecting groups were removed following the procedure in Example 1 using 
iodotrimethylsiiane and the products purified on Gilson reverse phase preparative HPLC (YMC-Pack Pro 

15 -C18, gradient elution. 10% acetonitrile/water to 90% acetonitrile/watdr in 9 min at 20 mL/mm) to obtain 
each diastereomer of the title conq>ourid. For the product from the faster eluting diastereomer, MS 489.2 
CM+1). For the product from the slower eluting diastereomer, MS 489.2 (M^ l). 

20 . EXAMPLE 5 
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JV-rfrr(15^4>Amiiio-2-rf3yy-3-fluoropviroUdinvi>^^ 
yll acatami de. trifluoroacetic acid salt 

The faster eluting diastereomer of Intennediate 7 (19 mg^ 0,075 mniol) was dissolved in 
1 xnL of dichloromethane with 0.040 mL (0.23 mmcl) of DXEA and 0.01 1 mL (0.15 iiimol) of acetyl 
r.hloride. The reaction roixtiire was stirred overnight at ambient temperature. • The ^eactioij mixture was 
men filtered through 200 mg of PSA Bond Elut resin. The resin was washed with 10 mL of 10 % 
methanol/dichlorometbane and the filtrate concentrated in vaeUowii purified by Gilson reverse phase 
prep HPLC (YMC-Pack Pro C18, gradient elution, 10% acetonitrile/water to 90% acetonitrile/water in 9 
min at 20 mL/imn). The product was dissolved in 5 roL.of a 1:1 mixture of dichloromethane and 
trifluoroacetic acid and stirred at ambient t«anperature for 30 mm. The reaction mixture was 
concentrated in vacuo and the residue purified by Gilson reverse phase preparative HPLC (Y])/iC-Pack 
Pio CIS, gradient elution, 10% acetonitrile/water to 90% acetonitriie./wat9r in 9 min at 20 mL/min) to 
obtain the title compound MS 341.1 (l>l4l). 




iN^f6"U13^1 -Arnino^2- fr3y>>3>fluorQPvrrolMin-l-vlV2K)xoet 
y lV2.2.2-trifluoroethan esuIfonamide . trifluoroacetic acid salt 

The faster eluting diastereomer of Intermediate 7 (60 mg» Q. 15 nimol) v/as dissolved in 1 
mL of dichloromethane, and 0.24 mL of pyridine (3 mmol) foUpwed by 0.17 mL (1.5 mmol) of 2,2,2- 
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10 



trifluoToetbanesulfonyl chloride was added. The reaction nuxtiire was stirred overnight at ambient 
temperature. The reaction mi^cture was filtered through 200 mg'ofPSA Bond Elut resin. The resin was 
washed with 10 xnL of 10% methanol/dichloromethane and the filtrate concentrated in vacuo. The 
residue was purified by Gilson reverse phase prep HPLC (YMC-Pack Pro C18, gradient elution, 10% 
acetonitrile/water to 90% acetonitrile/water in 9 min at 20 mL/min). The product was dissolved in 5 mL 
of a 1:1 mixture of dichloromethane and trifluoroacetic acid and the mixture stirred at ambient 
temperature for 30 min. The reaction mixture was then concentrated in vacuo. The residue was purified 
by Gilson reverse phase prep HPLC (YMC-Pack Pro C18, gradient elution, 10% acetonitrile/water to 
90% acetonitrile/water in 9 min at 20 mUxxm) to afford the tide compound. MS 445. 1 (M+1). 



TFA-^HaN,, 




iV'T6-ra5^4"Aniino-24f35^"3-fluoropvn-oUdin-l>vl1-2-oxoethvll-4.S.6.74^^ 
vllmethanesulfonamide, trifluoroacetic acid salt 
15 The title compound was prepared from the faster eluting diastereomer of hitermediate 7 

and methanesulfonyl chloride, essentially follov/ing the procedure described in Example 6. MS 377.2 
. (M+1). . . • 



20 

EXAMPLE OF A PHARMACEUTICAL FORMULATION 
As a specific embodiment of an oral pharmaceutical composition, a 100 mg potency 
tablet is conq)Dsed of 100 mg of any of the compounds of the present invention, 268 mg microcrystalline 
cellulose, 20 mg of croscarmeHose sodium, and 4 mg of magnesium stearate. The active. 
. 25 microcrystalline cellulose, and croscarmellose are blended first The mixture is then lubricated by 
magnesium stearate and pressed into tablets. 
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Wbile. the invention has been described and illustrated witb reference to certain 
particular embodiments thereot; those skilled in the art will appreciate diat various adaptations, changes, 
modifications, substitutions, deletions, or additions of procedures and protocols may be made without 
departiuag from the spirit and scope of the invention. For exanople, effective dosages otibier than the 

5 particular dosages as set forth h^in above may be applicable as a consequence of variations in 
responsiveness of the ma mTnal being treated for any of the indications with the compounds of the 
invention indicated above. The specific pharmacological responses observed may vary according to and 
HepeDding iipnn the particular active compounds selected or whether there are present pharmaceutical 
, arriers, as well as the type of formulation and mode of administration employed, and such expected 

10 variations or differences in the results are contemplated in accordance with the objects and practices of 
the present invention. It is intended, therefore, that tlie invention be defined by the scope of the claims 
which tbUow and ihat such claims be inteipreted as broadly as is reasonable. 
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WHAT IS CLAIMED B: 



1 . A compound of structural formula I: 




5 wherein; 

each n is independently 0, 1, 2, or 3; 

W is selected from the group consisting of CH2, CHF, and CF2; 



10 X is selected from the group consisting of S, 8(0), S(0)2. CH2, CHF, and CF2; 

Y and Z are each independently selected from the group consisting of O, S, N, and NR^, with the proviso 
that at least one of Y and Z is N; 

15 is hydrogen or cyano; . . ' 

r2 is selected from the group consisting of 
hydrogen, 
halogen, 
20 cyano, 
hydroxy, 

C1.6 allcyl, wherein alkyl is unsubstituted or substituted with one to five halogens, 
Ci-6 alkoxy, wherein alkoxy is unsubstituted or substituted with one to five halogens, 
(CH2)n-C00H, 
25 (CH2)n-C00Ci^ alkyl, • 

(CH2)n-:CONR3R4 / 
(CH2)n-NR3R4 
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(CH2)n-NR6S02R5, * " . 

(CH2)n-NR6cONR3R4 

(CH2)n-NR6CX)R6, 

(CH2)n-NfR6C02jl5, 

(CH2)n-^l> wh^ein aryl is nnsubstituted or substituted with one to five subsiituents 
independently selected from halogen, hydroxy, CO2H, 

Ci^ alkyloxycarbonyl, Cj-g alkyl, C3-6 cycloalkyl, and Ci-g alkoxy, wherein alkyl and 

alkoxy axe unsubstituted or substiLuled wiQi uiic lu uvc lialugciis, 
wherein any methylene (CH2) carbon atom in R2 is independently unsubstituted or substituted 
with one to two groups independently selected from halogen, hydroxy, and C1-4. alkyl 
unsubstituted or substituted with one to five halogens; 

r3 and R^ are independently selected from the group consisting of 
hydrogen, 
(CH2)n-phenyl, 
(032)0-^3-6 cycloalkyl, and 
Ci-6 alkyl. 

wherein alkyl is unsubstituted or substituted with one to five halogexis and wherein phenyl and 

cycloalkyl are unsubstituted or substituted with one to five substituents independendy selected 
from halogen, hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted 

or substituted with one to five halogens; or 
R^' and R^ together v/ith the nitrogen atom to which they are attached forin a heterocyclic. ring selected 
from azetidine, pyrrolidine, piperidine, piperazine, and morpholine v^/hcrein said heterocj'tlic ring is 
unsubstituted or substituted with one to Uttee substituents independently selected from halogen, hydroxy, 
alk)'l, and 

Ci^ alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five halogens; 

each R5 is independently selected from the group consisting of (CH2)n-phenyl, (CH2)n-C3-6 cycloalkyl, 
and Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one to five halogens and wherein 

phenyl and cycloalkyl are unsubstituted or substituted with one to five substituents independently 
selected from halogen, hydroxy, C]-6 al^yl* Ci-g alkoxy, wherein alkyl and alkoxy are unsubstituted 
or substituted with one to five halogens, and wherein any methylene (CH2) carbon atom in R5 is 

unsubstituted or substituted wife one to two groups independently selected from halogen, hydroxy, and 
( 'i-^. alkyl unsubstituted or substituted with one to five halogens; - ' 
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. each R6 is hydrogen or R5; and 



.5 



is selected from the groi^ consistmg of 
hydrogen, 
(CH2)n^phenyl, 



(CH2)n-C3-6 cycloalkyl, and 
alkyl, 

wherein alkyl is unsubstituted or substituted with one to five halogens and wherein phenyl and cycloalkyl 
are unsubstituted or substituted with one to five substituents independently selected firom halogen, 
10 hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherem alkyl and alkoxy are unsubstituted or substituted with one 

to five halogens. 



2. The compound of Claim 1 wherein the carbon atom marked with an has the 
stereochemical configuration as depicted in formula Ila: 




15 



R2 



. (lla) 



3. 



The compound of Claim 1 of structural formula lib: 




'2 



(lib) 



4, 



The compound of Claim 3 wherein X is CH2, CfiDF, or CF2 and Rl is hydrogen. 
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5. The conqiomid of Qabn 3 wlierein the carbon atom jnaiked with an has the 
stereochemical configaration as depicted in formula lie: 




and v/herein X is CH2, CHF, or CF2 and Rl is hydrogen. 



6. The compomid of Claim 1 of stnicturd formula H: . 




X 



N 

I' 



(lid) 



The compoimd of Claim 6 wherein X is CH2, CHF, or CF2 and Rl is hydrogen. 



8. The compound of Claim 6 wherein the carbon atom naarked with an * has the 
stereochemical coniSguration as depicted in formula lie: 
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wherein X is CH2, CHF, or CF2 and Rl is hydrogen. 

9. The compound of Claim 1 of structural fonnula Ilf : 

O r, 




10. The compound of Claim 9 wherein X is CH2, CHF, or CF2 and Rl is hydrogen. 



1 1. The compound of Qaim 9 wherein the carhon atom marked with an * has the 
stereochemical configuration as depicted in formula Hg: 




wherein X is CH2, CHF, or CF2 and Rl is hydrogen. 
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12. The con5)oaud of tlaiiiji 1 of stmctural farriHifelQi: 




13. The conipound of Qaiin 12 whsrein X is GH2, CHF, or CF2 and R1 is hydrogen. 

14. The compound of Claim 12 wherein the carbon atom noarked with an * has the 
b*tereocheinical configuration as depicted in formula Ifi: 




^^'herein X is CH2, CHF, or CF2 and Rl is hydrogen. 

15. The com$)ound of Claim 1 of structural formula Dj: 
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16. The compound of Claim 15 wherein X is CH2, CHF, or CF2 and Rl is hydrogen. 

17. The compound of Qaim.lS wherein the carbon atom marked with an * has the 
5 stereochenucal configuration as (tepicted in fpzmula 




"2 (Ilk) 

wherein X is CH2, JOTS* Pr CF2 an^Rl is hydrogen. 

18. The conq>ound of Claim 1 of structural formula ID: 



10 




19. The compound of Claim 18 wherein X is CH2» GHF» ^2 and Rl is hydrogen. 
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20. Tb& conq)ound of Qaim 18 wheiein the carbon atom marked mUx an has the 
'eieo.':heinical configuration as depicted in fonnula Ilm: 




whej^in X is fJK2.CHF, or CF2 and Rl is hydrogen. . . 

21. A phannaceutical composition which con^rises a compound of Qaim. 1 and a 
phannac<^utic^y acceptable carrier. 

22. A method for treating diabetes in a mammal in need thereof which comprises the 
£dnunistrai;/jn to the TpaT^Tnal of a therapeutically effective amount of a compound of Claim 1. 

23- A method for treating non-insulm dependent. (Type 2) diabetes in a mammal in 
need thereof which comprises d\e administration to the inammal of a therapeutically effective amount of - 
a compound of Claim 1. 

24. A method for treating hyperglycemia in a mammal in need thereof which 
comprises the administmtion to the mammal of a therapeutically effective amount of a compound of 
Claim 1. 

25. A method for treating obesity in a mammal in need thereof which comprises the 
adrmnistration to the mammal of a therapeutically effective amount of a compound of Claim 1, 

26. A method for treating one or more lipid disorders iselected &om the group of 
dyslipidemia, hyperlipidemia, hypertriglyceridemia, hypercholesterolemia, low HDL. and high iJ>I* in a 
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mammfll in need thereof which cozrtprises the adnunistratioii to the mammal of a therapeutically effective 
amount of a conq>oiuid of Claim 1. 

27. A method for treating in a mammal in need thereof one or more conditions 
5 selected from the group consisting of (1) hyperglycemia, (2) low glucose tolerance, (3) insulin resistance, 
(4) obesity, (5) lipid disorders, (6) dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemia, (9) 
hypercholesterolemia, (10) low HDL levels, (11) highlDL levels, (12) atherosclerosis and its sequelae, 
(13) vascular restenosis, (14) irritable bowel syndrome, (15) inflammatory bowel disease, including 
Crohn's disease and ulcerative colitis, (16) other inflammatory conditions, (17) pancreatitis, (18) 
10 abdominal obesity, (19) neurodegenerative disease, (20) retinopathy, (21) nephropathy, (22) neuropathy, 
(23) Syndrome X, (24) ovarian hyperandrpgenism (polycystic ovarian syndrome), and other disorders 
where insulin resistance is a component, wherein the method comprises the administratioii to the 
mammal a therapeutically effective amount of a conq>ound of Claim 1 . 

15 28. The pharmaceutical composition of Claim 21.further conaprising one or more 

additional active ingredients selected from the group consisting of: 

(a) a second dipeptidyl peptidase IV inhibitor; 

(b) an iQsulin sensitizer selected fropa the group consisting of a PPARy agonist, a 
PPARo/y dual agonist, a PPARa agonist, a biguanide, and a protein tyrosine phosphatase- IB inhibitor; 

20 

(c) an insulin or insulin mimetic; 

(d) a sulfonylurea or other insulin secretagogue; 

(e) an a-glucosidase inhibitor, 

(f) a glucagon receptor antagonist; 

25 (g) GLP-1, a GLP-1 mimetic, or a GLP-1 receptor agonist; 

(h) GP, a GIP mimetic, or a GIP receptor agonist; 

(i) PACAP, a PACAP mimetic, or a PACAP receptor agonist; 

(j) a cholesterol lowering agent such as (i) HMG-CoA reductase inhibitor, (ii) 
sequestrant, (iii) nicotinyl alcohol, nicotinic acid or a salt thereof, (iv) PPARa agonist, (v) PPARo/y dual 
30 agonist, (vi) inhibitor of cholesterol absorption, (vii) acyl CoAxholesterol acyltransferase inhibitor, and 
(viii) anti-oxidaht; 

(k) a PPAR5 agonist; 
. (1) an antiobesity compound; 
(m) an ileal bile acid transporter inhibitor; 
35 (n) an anti-inflammatory agent; and 
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(o) an antihypertensive agent ' 

29. The phannaceutical composition oi Claim 28 wherein the PPARc/y dual agomst 



isKRP-297. 



30. A method of treating diabetes In a mammal in need thereof comprising 
administering to the TnamTnal a therapeutically effective amount of a compoimd of Claim 1 in 

. combination with the PPAl^a/y dual agonii?t KRP-297. 

31. A method of controlling or treating diabetes in a Hiammal in need thereof . 
comprising administering to the mammal a therapeuticfdly effective amount of a compound of Claim 1 in 
combination with an insulin sensitizer or an insulin secretagogue. . . 
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